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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Automatic attitude control equipment of a marine vessel characterized by providing the 
following A roll angle sensor which outputs a roll angle signal according to a roll angle of a hull A 
driving means which changes an angle of a trim tab according to an output signal which connects 
with a sensor, a speed sensor which outputs a speed signal according to vessel speed, a trim tab 
which controls a position of a hull, a controller which outputs a signal according to NAV 
conditions from said sensor, and this controller whenever [ yaw angle / which outputs a signal 
whenever / yaw angle / according to whenever / yaw angle / of a hull ], and is sent from a 
controller 

[Claim 2] Automatic attitude control equipment of a marine vessel characterized by providing the 
following A roll angle sensor which outputs a roll angle signal according to a roll angle of a hull 
The driving means which changes the angle of a trim tab according to the output signal which 
connects with a sensor, a speed sensor which outputs a speed signal according to vessel speed, 
a trim-tab angle sensor which outputs an angle signal according to an actuation angle of a trim 
tab, the trim tab which controls a position of a hull, the controller which outputs a signal 
according to NAV conditions from said sensor, and this controller whenever [ yaw angle / which 
outputs a signal whenever / yaw angle / according to whenever / yaw angle / of a hull ], and is 
sent from a controller 

[Claim 3] It is automatic attitude control equipment of a marine vessel which is equipped with 
the following and characterized by said controller controlling an angle of said trim tab by said roll 
angle signal and said trim-tab angle signal according to a NAV condition while judging a NAV 
condition of a ship from a signal and said speed signal whenever [ said yaw angle ]. A trim tab 
which controls a position of a hull A controller which outputs a signal according to NAV 
conditions A driving means which changes an angle of a trim tab according to an output signal 
which connects with this controller and is sent from a controller A roll angle sensor which 
outputs a roll angle signal according to a roll angle of a hull, a speed sensor which outputs a 
speed signal, corresponding to a signal sensor and vessel speed whenever [ yaw angle / which 
outputs a signal whenever / yaw angle / according to whenever / yaw angle / of a hull ], and a 
trim-tab angle sensor which outputs an angle signal according to an actuation angle of a trim tab 

[Claim 4] Automatic attitude control equipment of a marine vessel characterized by providing the 
following. A trim tab which controls a position of a hull A controller which outputs a signal 
according to NAV conditions A driving means which changes an angle of a trim tab according to 
an output signal which connects with this controller and is sent from a controller A roll angle 
sensor which outputs a roll angle signal according to a roll angle of a hull, Whenever [ yaw 
angle / which outputs a signal whenever / yaw angle / according to whenever / yaw angle / of a 
hull ] A sensor, It consists of a speed sensor which outputs a speed signal according to vessel 
speed, and a trim-tab angle sensor which outputs an angle signal according to an actuation angle 
of a trim tab. The rate-of^change count section which said controller considers a signal as an 
input whenever [ said yaw angle ], and outputs a rate-of-change signal whenever [ yaw angle ], 
The velocity level judging section which considers a speed signal as an input and outputs a 
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speed level signal, The average processing.section which has the control method change section 
which considers a rate~of-change signal and said speed level signal as an input whenever [ said 
yaw angle ] f judges a NAV condition, and outputs a control change signal, and equalizes said roll 
angle signal, and outputs a signal whenever [ heel-angle ], Whenever [ heel-angle / which 
considers / whenever / heel-angle / a desired value signal as an input whenever / signal and 
heel-angle / and outputs a deflection signal whenever / heel-angle ] The deflection count 
section, The tab angle desired value count section which considers a deflection signal as an 
input whenever [ heel-angle ], and calculates desired value of a trim-tab angle. The desired value 
selection section which has the tab angle desired value setting-out section which has set up a 
target trim-tab angle beforehand, chooses tab angle desired value with said control method 
change signal further, and outputs tab angle desired value, The output section which considers 
as an input a tab angle deflection signal and a tab angle deflection signal which consider tab 
angle desired value and a trim-tab angle signal as an input, and calculate tab angle deflection, 
and outputs a driving signal 

[Claim 5] claim 1, claim 2, claim 3, or automatic attitude control equipment of a marine vessel 
according to claim 4 — it is — said controller — each of said sensor signal — an input — carry 
out — NAV conditions — respond — whenever [ heel angle ] — control and turning tense — a 
bow — the automatic attitude control equipment of the marine vessel characterize by to output 
desired value which chose control whenever [ in a relief condition / angle of trim ], and was 
determined in each control method. 

[Claim 6] It is automatic attitude control equipment of a marine vessel characterized by being 
automatic attitude control equipment of a marine vessel according to claim 5, and for control 
judging [ whenever / said heel-angle ] a NAV condition with a signal and said speed signal 
whenever [ said yaw angle ], and controlling an angle of said trim tab by signal and said trim-tab 
angle signal whenever [ heel-angle ]. 

[Claim 7] Automatic attitude control equipment of a marine vessel characterized by controlling a 
trim tab to desired value set up beforehand when it is automatic attitude control equipment of a 
marine vessel according to claim 5, a NAV condition is judged from a signal and said speed signal 
whenever [ said yaw angle ] and it is judged as the time of turning. 

[Claim 8] automatic attitude control equipment of a marine vessel according to claim 5 — it is - 
- said bow — automatic attitude control equipment of a marine vessel characterized by for 
control judging a NAV condition from said speed signal, and controlling a trim tab to desired 
value set up beforehand whenever [ in a relief condition / angle-of-trim ]. 
[Claim 9] It is automatic attitude control equipment of a marine vessel characterized by being 
claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude control 
equipment of a marine vessel according to claim 8, and for said roll angle detecting angular 
velocity of the roll direction of a hull with an oscillating gyroscope, and integrating with and 
computing said angular velocity. 

[Claim 10] It is automatic attitude control equipment of a marine vessel characterized by being 
claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude control 
equipment of a marine vessel according to claim 8, and for said roll angle detecting acceleration 
of the roll direction of a hull with an accelerometer, and computing a tilt angle of said hull based 
on said acceleration. 

[Claim 11] It is automatic attitude control equipment of a marine vessel characterized by being 
claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude control 
equipment of a marine vessel according to claim 8, and said roll angle detecting a tilt angle of the 
roll direction of a hull with an inclinometer. 

[Claim 12] It is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a marine vessel according to claim 8, and whenever [ said yaw angle ] 
detects relative bearing of a hull with a magnetometric sensor, and is characterized by outputting 
this as whenever [ yaw angle ]. Automatic attitude control equipment of a marine vessel [Claim 
13] Automatic attitude control equipment of a marine vessel which is automatic attitude control 
equipment of a marine vessel according to claim 5, has a device which controls said trim tab 
automatically, and a device driven with hand control, and is characterized by being switchable to 
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arbitration in this automatic and hand control. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the automatic attitude control equipment of the 
marine vessel which controls the angle of a trim tab automatically in order to stabilize the 
position of marine vessels, such as a motorboat. 
[0002] 

[Description of the Prior Art] As automatic attitude control equipment of the conventional 
marine vessel, there are some which were shown, for example in JP,3-82697,A and JP,3- 
114996A 

[0003] The thing of JP,3-82697,A is a configuration which similarly controls a trim-tab angle 
according to the output of a sensor and a roll angle sensor whenever [ torque-sensor / which 
detects the amount of control /, and helix-angle / which detects the position of a hull according 
to the output of the speed sensor which detects vessel speed ]. 

[0004] In JP,3-1 14996,A, it has composition which similarly controls a trim-tab angle according 
to the output of a sensor and a roll angle sensor whenever [ helix-angle / which detects the 
position of a hull ]. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the thing given in JP,3-82697,A did not 
detect the position of a hull itself, but determined the angle of a trim tab uniquely that a bow will 
not come floating according to vessel speed at the time of abbreviation rectilinear propagation, 
and since it had become the configuration which controls the angle of a trim tab so that the heel 
(heel angle) of a hull might be made to ease according to amounts of control at the time of the 
reliance rudder operation by the time of turning, a cross wind, etc., it had caused the following 
problems. 

[0006] ** A heel and rolling cannot be thoroughly prevented at the time of abbreviation 
rectilinear propagation. 

[0007] ** Since it becomes the factor which loses the travelling-figure balance of a ship, it is 
not effective to control a trim^tab angle regardless of the position of the hull before turning 
steering and under turning steering at the time of turning. 

[0008] Moreover, controlling a trim tab in the direction which reduces the inner dip which is an 
effective position for originally resisting a centrifugal force (lateral acceleration) at the time of 
turning increases the lateral acceleration which crew feels, and it may give crew sense of 
incongruity. 

[0009] Although a thing given in JP,3-1 14996,A, on the other hand, also has the composition 
which detects whenever [ helix-angle ], and the roll angle showing the position of a ship itself, is 
the configuration which controls a trim-tab angle, gives and carries out the comparison operation 
of whenever [ aim helix-angle ] t and the aim roll angle further, and controls a trim-tab angle and 
control of a roll angle and whenever [ helix-angle ] was always performing regardless of the NAV 
condition of a ship, there were the following problems. 

[0010] ** Since change or rudder angle change is not detected whenever [ yaw angle / of a 
ship ], turning steering for course modification will not be able to be detected and it will be 
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controlled in the direction which reduces inner dip too at the time of turning. 

[0011] ** Since the oscillation angle is always controlled, the load of the actuators (a motor, oil 

hydraulic cylinder, etc.) which drive a trim tab becomes high. 

[0012] Then, this invention is doubled with the NAV condition of a ship, and aims at efficient and 
offer of the automatic attitude control equipment of a marine vessel which can perform attitude 
control of high degree of accuracy. 
[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem 
invention of claim 1 A roll angle sensor which outputs a roll angle signal according to a roll angle 
of a hull, Whenever [ yaw angle / which outputs a signal whenever / yaw angle / according to 
whenever / yaw angle / of a hull ] A sensor, A speed sensor which outputs a speed signal 
according to vessel speed, and a trim tab which controls a position of a hull, a controller which 
outputs a signal according to NAV conditions from said sensor, and a driving means which 
changes an angle of a trim tab according to an output signal which connects with this controller 
and is sent from a controller — since — it is characterized by becoming. 

[0014] A roll angle sensor to which invention of claim 2 outputs a roll angle signal according to a 

roll angle of a hull, Whenever [ yaw angle / which outputs a signal whenever / yaw angle / 

according to whenever / yaw angle / of a hull ] A sensor, A speed sensor which outputs a speed 

signal according to vessel speed, and a trim-tab angle sensor which outputs an angle signal 

according to an actuation angle of a trim tab, It connects with a trim tab which controls a 

position of a hull, a controller which outputs a signal according to NAV conditions from said 

sensor, and this controller, and is characterized by consisting of a driving means which changes 

an angle of a trim tab according to an output signal sent from a controller. 

[0015] A trim tab by which invention of claim 3 controls a position of a hull, and a controller 

which outputs a signal according to NAV conditions, A driving means which changes an angle of 

a trim tab according to an output signal which connects with this controller and is sent from a 

controller, A roll angle sensor which outputs a roll angle signal according to a roll angle of a hull, 

Whenever [ yaw angle / which outputs a signal whenever / yaw angle / according to whenever / 

yaw angle / of a hull ] A signal sensor, It consists of a speed sensor which outputs a speed 

signal according to vessel speed, and a trim-tab angle sensor which outputs an angle signal 

according to an actuation angle of a trim tab. Said controller is characterized by controlling an 

angle of said trim tab by said roll angle signal and said trim-tab angle signal according to a NAV / 

condition while it judges a NAV condition of a ship from a signal and said speed signal whenever 

[ said yaw angle ]. 

[0016] A trim tab by which invention of claim 4 controls a position of a hull, and a controller 
which outputs a signal according to NAV conditions, A driving means which changes an angle of 
a trim tab according to an output signal which connects with this controller and is sent from a 
controller, A roll angle sensor which outputs a roll angle signal according to a roll angle of a hull, 
Whenever [ yaw angle / which outputs a signal whenever / yaw angle / according to whenever / 
yaw angle / of a hull ] A sensor, It consists of a speed sensor which outputs a speed signal 
according to vessel speed, and a trim-tab angle sensor which outputs an angle signal according 
to an actuation angle of a trim tab. The rate-of-change count section which said controller 
considers a signal as an input whenever [ said yaw angle ], and outputs a rate-of-change signal 
whenever [ yaw angle ], The velocity level judging section which considers a speed signal as an 
input and outputs a speed level signal, The average processing section which has the control 
method change section which considers a rate-of-change signal and said speed level signal as 
an input whenever [ said yaw angle ], judges a NAV condition, and outputs a control change 
signal, and equalizes said roll angle signal, and outputs a signal whenever [ heel-angle 1 
Whenever [ heel-angle / which considers / whenever / heel-angle / a desired value signal as an 
input whenever / signal and heel-angle / and outputs a deflection signal whenever / heel-angle ] 
The deflection count section, The tab angle desired value count section which considers a 
deflection signal as an input whenever [ heel-angle ], and calculates desired value of a trim-tab 
angle, The desired value selection section which has the tab angle desired value setting-out 
section which has set up a target trim-tab angle beforehand, chooses tab angle desired value 
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with said control method change signal further, and outputs tab angle desired value, It is 
characterized by having the output section which considers as an input a tab angle deflection 
signal and a tab angle deflection signal which consider tab angle desired value and a trim-tab 
angle signal as an input, and calculate tab angle deflection, and outputs a driving signal. 
[0017] invention of claim 5 — claim 1, claim 2, claim 3, or automatic attitude control equipment 
of a marine vessel according to claim 4 — it is — said controller — said each sensor signal — 
an input — carry out — NAV conditions — respond — whenever [ heel angle ] — control and 
turning tense — a bow — control is choose whenever [ in a relief condition / angle of trim ], and 
it is characterize by output desired value determined in each control method. 
[0018] Invention of claim 6 is automatic attitude control equipment of a marine vessel according 
to claim 5, and whenever [ said heel-angle ], control judges a NAV condition with a signal and 
said speed signal whenever [ said yaw angle ], and is characterized by controlling an angle of said 
trim tab by signal and said trim-tab angle signal whenever [ heel-angle ]. 

[0019] Invention of claim 7 is automatic attitude control equipment of a marine vessel according 
to claim 5, and it is characterized by controlling a trim tab to desired value set up beforehand, 
when a NAV condition is judged from a signal and said speed signal and it is judged as the time 
of turning whenever [ said yaw angle ]. 

[0020] invention of claim 8 — automatic attitude control equipment of a marine vessel according 
to claim 5 — it is — said bow — it is characterized by for control judging a NAV condition from 
said speed signal, and controlling a trim tab to desired value set up beforehand whenever [ in a 
relief condition / angle-of-trim ]. 

[0021] Invention of claim 9 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and 
automatic attitude control equipment of a marine vessel according to claim 8, and said roll angle 
detects angular velocity of the roll direction of a hull with an oscillating gyroscope, and is 
characterized by integrating with and computing said angular velocity. 

[0022] Invention of claim 10 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and 
automatic attitude control equipment of a marine vessel according to claim 8, and said roll angle 
detects acceleration of the roll direction of a hull with an accelerometer, and is characterized by 
computing a tilt angle of said hull based on said acceleration. 

[0023] Invention of claim 11 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and 
automatic attitude control equipment of a marine vessel according to claim 8, and said roll angle 
is characterized by detecting a tilt angle of the roll direction of a hull with an inclinometer. 
[0024] Invention of claim 12 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and 
automatic attitude control equipment of a marine vessel according to claim 8, and whenever 
[ said yaw angle ] detects relative bearing of a hull with a magnetometric sensor, and is 
characterized by outputting this as whenever [ yaw angle ]. 

[0025] Invention of claim 13 is automatic attitude control equipment of a marine vessel 
according to claim 5, has a device which controls said trim tab automatically, and a device driven 
with hand control, and is characterized by being switchable to arbitration in this automatic and 
hand control. 
[0026] 

[Function] According to invention of claim 1 of the above-mentioned means, the roll angle of a 
hull, and whenever [ yaw angle ], based on vessel speed, a driving means can be controlled by 
the controller and the angle of a trim tab can be changed. 

[0027] According to invention of claim 2, the roll angle of a hull, and whenever [ yaw angle ], 
based on the angle of vessel speed and a trim tab, a controller can control a driving means, and 
the angle of a trim tab can be changed. 

[0028] According to invention of claim 3, whenever [ yaw angle ], from a signal and a speed 
signal, the NAV condition of a ship can be judged and the angle of a trim tab can be controlled 
by the roll angle signal and the trim-tab angle signal according to a NAV condition. 
[0029] According to invention of claim 4, input rate of change and a velocity level whenever 
[ yaw angle ], and a NAV condition is judged. Deflection is calculated [ whenever / heel-angle / 
which enabled the change of the control method based on the judgment of this NAV condition, 
and equalized the roll angle signal / whenever / signal and heel-angle ] whenever [ heel-angle ] 
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with a desired value signal. The desired value of a trim-tab angle is calculated by considering a 
deflection signal as an input whenever [ this heel-angle ]. Moreover, a target trim-tab angle is 
set up beforehand, tab angle desired value is further chosen with the control method change 
signal, tab angle desired value is outputted, tab angle deflection can be calculated by the ability 
to input tab angle desired value and a trim-tab angle signal, and a driving signal can be outputted. 

[0030] according to invention of claim 5 — a NAV condition — responding — whenever [ heel- 
angle ] — control and turning tense — a bow — the trim-tab angle control in a relief condition 
can be chosen, and the desired value determined in each control method can be outputted. 
[0031] According to invention of claim 6, from a signal and a speed signal, a NAV condition can 
be judged, the angle of a trim tab can be controlled by the signal and the trim-tab angle signal 
whenever [ heel-angle ], and it can control [ whenever / yaw angle ] whenever [ heel-angle ]. 
[0032] According to invention of claim 7, when a NAV condition is judged and it is judged as the 
time of turning from a signal and a speed signal whenever [ yaw angle ], a trim tab can be set as 
the desired value set up beforehand. 

[0033] According to invention of claim 8, a NAV condition can be judged with a speed signal and 
a trim tab can be controlled to the desired value set up beforehand. 

[0034] According to invention of claim 9, a roll angle can be computed by the ability for an 
oscillating gyroscope to detect the angular velocity of the roll direction of a hull, and integrate 
with angular velocity. 

[0035] According to invention of claim 10, an accelerometer can detect the acceleration of the 
roll direction of a hull, the tilt angle of a hull can be computed based on this acceleration, and it 
can ask for a roll angle. 

[0036] According to invention of claim 1 1, an inclinometer can detect the tilt angle of the roll 
direction of a hull, and it can ask for a roll angle. 

[0037] According to invention of claim 12, a magnetometric sensor can detect the relative 
bearing of a hull and this can be outputted as whenever [ yaw angle ]. 

[0038] According to invention of claim 13, an automatic and hand control can be changed to 

arbitration and a trim tab can be controlled. 

[0039] 

[Example] Hereafter, the example of this invention is explained. 

[0040] Drawing 1 is the general drawing of a system configuration seen from the hull upper part. 
[0041] 1 is a hull, 2 is a handle and he is trying for the turning effort of a handle 2 to rock a 
screw 5 right and left through a wire 3. Said screw 5 which can give turning effort with an engine 
4 is connected to an engine 4. He changes the direction of a thrust and is trying to make it circle 
in a hull by rocking a screw 5 right and left by the revolution of a handle 2. 
[0042] The sensor 11, the roll angle sensor 12 which detects the oscillation angle of the 
longitudinal direction of a hull, and the speed sensor 15 which detects the speed of a hull are 
connected to a controller 10 whenever [ yaw angle / which detects the deflection angle to the 
longitudinal direction of a bow ]. In addition, a roll angle can detect the angular velocity of the roll 
direction to a hull with an oscillating gyroscope, and can integrate with and compute said angular 
velocity. Moreover, it can ask by an accelerometer s detecting the acceleration of the roll 
direction of a hull and computing the tilt angle of a hull based on this acceleration. Furthermore, 
it can ask for a roll angle by detecting the tilt angle of the roll direction of a hull with an 
inclinometer. Whenever [ yaw angle ] can detect the relative bearing of a hull with a 
magnetometric sensor, and can output this as whenever [ yaw angle ]. 
[0043] He is trying to input into a controller 10 Signal omega, and the roll angle signal phi 
detected by the roll angle sensor 12 and the speed signal upsilon detected by the speed sensor 
15, respectively whenever [ yaw angle / which was detected by the sensor 1 1 whenever / said 
yaw angle ]. 

[0044] Moreover, the manually-operated switch (14R for right trim tabs, 14L for left trim tabs) 
for operating manually the transfer switch 13 and trim tabs 6R and 6L which switch whether the 
angle sensor (1 6R for right trim tabs, 1 6L for left trim tabs) which detects the angle of trim tabs 
6R and 6L, and trim tabs 6R and 6L are controlled automatically, or it operates manually is 
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connected to a controller 10. 

[0045] Furthermore, the controller 10 is connected with the battery 9 through an electric power 
switch 17. When an electric power switch 17 is OFF, it has composition which actuation of a 
controller 10 suspends. 

[0046] The controller 10 has connected the output to the driving means which changes the angle 
of trim tabs 6R and 6L according to the signal outputted from a controller 10. 
[0047] The driving means of the trim tabs 6R and 6L of this example is constituted as follows. 
An output signal is embraced from a controller 10, and hydraulic motors 8R and 8L are rotated 
normally and reversed. According to normal rotation of hydraulic motors 8R and 8L and reversal, 
Cylinders 7R and 7L perform flexible motion. Trim tabs 6R and 6L are made to move up and 
down by flexible motion of these cylinders 7R and 7L. 

[0048] Next, drawing 2 explains the internal configuration of a controller 10. 

[0049] A speed signal upsilon is first inputted into a controller 10 from said speed sensor 15, and 
this speed signal v is sent to the velocity level judging section 20. 

[0050] The constant value v1 forjudging a NAV condition and v2 (v1 and <v2) are beforehand 
set as the interior by this velocity level judging section 20. v1 the bow of a ** idling condition 
and a ship — it is a boundary value with a relief condition. v2 It is the boundary value of a 
****** relief condition and a plane condition. This v1 and v2 A value can be set as any value 
according to the NAV conditions of a ship, or the property of a hull. 

[0051] In addition, a property as generally shown in drawing 3 has the relation between vessel 
speed and an angle of trim. 

[0052] In said velocity level judging section 20, the velocity level of a ship is classified into the 

following three kinds by the following judgment type. 

[0053] 

(1) v<v1 (idling condition) 

(2) v1 <=v<=v2 (bow relief condition) 

(3) v2 <v1 (plane condition) — At the time of the conditions of the 1st formula (1) (1) signal is 
outputted to the control method change section 22. 

[0054] At the time of the conditions of (2) (2) signals are outputted to the control method 
change section 22. 

[0055] At the time of the conditions of (3) (3) signals are outputted to the control method 
change section 22. 

[0056] Moreover, if Signal upsilon is inputted [ whenever / said yaw angle ] into a controller 10 
whenever [ yaw angle ] from a sensor 11, Signal omega will be sent to the rate-of-change count 
section 21 whenever [ this yaw angle ]. 

[0057] According to Signal omega, it is [ whenever / yaw angle / which was inputted in this 
rate-of-change count section 21 ] rate of change whenever [ yaw angle / which is change 
whenever / yaw angle / for every unit time amount ]. domega/dt It calculates. And it is rate of 
change whenever [ yaw angle / which was calculated ]. d omega/dt The rate-of-change count 
section 21 carries out a comparison operation to constant value domegao/dt set up beforehand, 
and chooses an output signal. Domegao/dt is a boundary value the NAV condition of a ship 
judges the time of current, rectilinear propagation, and turning to be. this — The value of 
domegao/dt can be set as any value according to the NAV conditions of a ship, or the property 
of a hull. (**) d omega/dt < Domegao/dt (at the time of rectilinear propagation) 
(**) d omega/dt >= Domegao/dt (at the time of turning) — 2nd formula (b) At the time of 
conditions (b) A signal is outputted to the control method change section 22. 
[0058] (b) At the time of ****** (b) A signal is outputted to the control method change section 
22. 

[0059] Instruction signal when the speed level signal from the aforementioned velocity level 
judging section 20 and the rate-of-change signal from the aforementioned rate-of-change count 
section 21 are inputted into the control method change section 22, as shown in drawing 4 in the 
control method change section 22 with the combination of the speed level signal and rate-of- 
change signal which were inputted (i) - (iii) It determines and outputs to the desired value 
selection sections 30 and 31. 
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[0060] Change instruction signal (i) - (iii) (i) Instruction signal changed into the condition of 
having raised the trim tab to the top 

(ii) Instruction signal which changes a trim tab into the condition of having lowered to the bottom 

(iii) Instruction signal which controls whenever [ heel-angle ] 
It means. 

[0061] Namely, it is a change instruction signal (i) regardless of a judgment at the time of 
rectilinear propagation [ in / when the velocity level of the ship in the 1st formula is judged to be 
an idling condition / the 2nd formula ], and turning. That is, a trim tab is controlled in the 
condition of having raised to the top. 

[0062] moreover, the velocity level in the 1st formula — a bow — when it judges with a relief 
condition (run state before plane shift), the change instruction signal (ii) 6R and 6L, i.e., trim tabs, 
is controlled in the condition of having lowered most, regardless of a judgment at the time of the 
rectilinear propagation in the 2nd formula, and turning. 

[0063] This has the effective control which was mentioned above and which lowers a bow until it 
shifts to a plane condition like, and control is because there is little effectiveness whenever 
[ rolling control-in this condition, and heel-angle ]. 

[0064] furthermore, the case where it is judged with the time of rectilinear propagation by the 
2nd formula when the velocity level in the 1st formula is judged to be a plane condition — 
change instruction signal (iii) namely, the case where control is judged whenever [ heel-angle ] to 
be the time of operation and turning — change instruction signal (i) That is, it controls in the 
condition of having raised trim tabs 6R and 6L most. 

[0065] Thereby, at the time of rectilinear propagation, only a plane condition controls whenever 
[ heel-angle ] and it controls not to check the heel which is the property which a ship originally 
has at the time of turning. 

[0066] On the other hand, the roll angle signal phi is inputted into a controller 10 from the roll 
angle sensor 12, and this roll angle signal phi is sent to the average processing section 23. 
[0067] In this average processing section 23, from the inputted roll angle signal phi, the 3rd 
following formula is calculated and a moving average deviation is calculated. This moving average 
deviation is set to heel-angle whenever phia. 
[0068] 
[Equation 1] 

1 k 

<*ak S 0i --1835* 

n ' i-k-iT 



wwT-Hi (k-n), (k-rT +1) , (k - n ' + 2) , k 

IK— (k-rT + n')) 

As for roll angle phiak in i event, phii shows whenever [ in k event / heel-angle ]. 
[0069] phiak, i.e., phii, is n\ It is the average of the value which ****(ed). 
[0070] phi makes the right dip direction positive to a travelling direction. 

[0071] phia is made into an output signal whenever [ heel-angle / which was calculated by the 
3rd formula ], and it outputs to the heel-angle deflection count section 25. 
[0072] It is signal phio whenever [ aim heel-angle / which shows whenever / aim heel-angle / 
which is beforehand set to this heel-angle deflection count section 25 in the desired value 
decision section 24 in addition to this ]. It has inputted. 

[0073] In this heel-angle deflection count section 25, the 4th following formula is calculated and 

it asks for deflection signal phie whenever [ heel-angle ]. 

[0074] 

phie=phia-phio — A hull makes the clockwise direction positive to a travelling direction here the 
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4th formula. 

[0075] Deflection signal phie is outputted to the tab angle desired value count sections 26 and 
27 whenever [ this heel-angle ]. 

[0076] In the tab angle desired value count section 26, whenever [ heel-angle / which was 
inputted ], after judging the positive/negative of phie based on deflection signal phie, the PID 
operation of the 5th formula is performed and it asks for tab angle desired value thetar of a right 
trim tab. 
[0077] 
[Equation 2] 

d 1 f 

0r-K p * e +T D 0 fi + — Jtf e d t .-.» 5 * 



e < Ots;Z> 
6 r -0 

Whenever [ heel-angle / which was inputted in the tab angle desired value count section 27 ], 
after judging the positive/negative of phie based on deflection signal phie, the following PID 
operation of the 6th formula is performed and it is tab angle desired value thetal of left trim-tab 
6L It asks. 
[0078] 
[Equation 3] 

9SL-0 



$ e < 0 ft y> 



CCT. K p , T p . Tj Itm&V*** 

In addition, the 1st term Kpphie of the 6th formula gives the tab angle proportional to deflection 
signal phie whenever [ heel-angle ] to the 5th formula list That is, the tab angle of the right or 
the left is enlarged, so that the absolute value of deflection signal phie is [ whenever / heel- 
angle ] large. 

[0079] This 2nd term does not give the tab angle proportional to the differential value of 
deflection signal phie whenever [ heel-angle ], if this differential value is not large, it gives that 
much big tab angle, and it is raising the responsibility which decreases whenever [ heel-angle / 
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of a hull ]. 

[0080] This 3rd term gives the tab angle proportional to the integral value of deflection signal 
phie whenever [ heel-angle ], and this has given the tab angle which negates the heel (whenever 
[ heel-angle ]) of the steady hull produced according to the property and external force of a hull. 

[0081] Right tab angle desired value thetar called for here is outputted to the desired value 
selection section 30. Moreover, left tab desired value thetal It is outputted to the desired value 
selection section 31. 

[0082] Explanation to the output signal decision of a right trim tab is given to below. The flow to 
the output signal decision of a left trim tab is completely the same as a right trim tab, and 
explanation is omitted. 

[0083] Change instruction signal outputted to the aim selection section 30 from the above 
mentioned control method change section 22 (i) - (iii) The right tab angle desired value setting- 
out section 28 which set up the aim tab angle beforehand although tab angle desired value thetar 
outputted from the right tab angle desired value count section 26 was inputted to the aim set 
point theta 1 t and theta 2 It has inputted. Aim set point theta 1 It is the set point in the 
condition of having raised trim-tab 6R most. Aim set point theta 2 It is the set point in the 
condition of having lowered trim-lab 6R most 

[0084] At the desired value selection section 30, it is a change instruction signal (i). - (iii) It 
corresponds and is desired value thetar of a right tab angle, theta 1, and theta 2. It chooses. The 
selection response is as follows. 
[0085] 

change instruction signal Tab angle desired value (i) The time theta 1 Selection (ii) The time 
theta 2 Selection (iii) The time thetar selection — the right tab angle desired value chosen by 
this — theta R =theta1 - theta 2, or thetar ** — it carries out. 

[0086] Right tab angle desired value thetaR chosen in the desired value selection section 30 It is 
outputted to the right tab angle deflection count section 32. 

[0087] Tab angle desired value thetaR inputted into the right tab angle deflection count section 
32 Angle signal thetaRo detected by trim-tab angle sensor 16R is also inputted into others. 
[0088] The 7th following formula is calculated in the right tab angle deflection count section 32, 
and it is deviation angle whenever thetae. It asks, thetae =thetaR-thetaRo — It is thetae to the 
7th formula pan. Positive/negative distinction is performed and it is deviation angle thetae. The 
signal which rises and brings down trim-tab 6R so that it may become zero is determined as 
follows. 
[0089] 

thetae When it is positive Down signal (0RD) 
thetae When it is negative Rise signal (0RU) 

This rise down signal is outputted to the right output section 34. 

[0090] In the right output section 34, the change signal and the manual ringing from right manual 
switch 14R which rise down signal 0RU or 0RD determined in the right tab angle deflection count 
section 32 is considered as an input, and also consider an on-off signal as an output from a 
changeover switch 13 are inputted. 

[0091] That is, he is trying to change an automatic and manual trim-tab control in the right 

output section 34 with the change signal inputted from a changeover switch 13. 

[0092] When a changeover switch 13 is ON, it considers as an automatic, and it outputs to 

hydraulic-motor 8R by making into an output signal rise down signal 0RD or 0RU determined 

above. 

[0093] When a changeover switch 13 is OFF, it considers as hand control, and the rise down 
signal determined by actuation of right manual switch 14R is outputted to hydraulic-motor 8R as 
an output of the right output section 34. 

[0094] Although control of right trim-tab 6R was explained above, the same is said of the left 
trim-tab 6L. 

[0095] Here, there are little increase of water pressure which starts a ship's bottom since the 
draft of the stern is deep until it goes into a plane condition in a planing boat, and rolling. On the 
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other hand, since the shift to a plane becomes slow while a riser front field of view gets worse 
[ a bow ] by subduction of the stern, when right and left take down a trim tab conventionally, 
actuation which lowers a bow is performed and control of the example of this invention also 
applies to this in the meantime. 

[0096] On the other hand, in a plane condition, a draft becomes shallow and the oscillation of a 
ship becomes active. When rolling is compared with pitching in this condition, the pitching period 
is usually longer and the direction of rolling is felt sensitively. Moreover, although the effect of 
lowering the bow which went up too much on the structure, as for the attitude control using a 
trim tab is expectable, there is no effect of raising the bow which fell too much. Therefore, the 
attitude control in a plane condition has more effective control of rolling. 
[0097] However, since a great quantity of loads will be given to a control actuator, always 
controlling all rolling does not tend to press down the oscillation angle (rolling) of a hull itself, and 
it controls the average attitude angle (this is called heel angle) by the example of this invention. 
[0098] Moreover, about the invalid nature of the rolling control at the time of turning, although it 
is as above-mentioned, it uses that the level of rate of change differs whenever [ in each / yaw 
angle ] at the time of rectilinear propagation and turning for detection of a turning condition. 
That is, if the level which has rate of change whenever [ yaw angle ] is exceeded, it can be 
judged as turning. 

[0099] Next, the control action of the above-mentioned controller 10 is explained based on the 
flow chart of drawing 9 from drawing 5 . In addition, also in this explanation, it carries out about 
control of right trim-tab 6R, and control of left trim-tab 6L is omitted. 

[0100] First, overall control is performed like drawing 5 . That is, the change of the control 
method is performed in step S1. The change of this control method is said instruction signal (i). 
An instruction signal (ii) and instruction signal (iii) It is a change. 

[0101] Tab angle count is performed at step S2. Tab angle count is performed based on 
detection of said roll angle sensor 12 ( drawing 1 ). 

[0102] Desired value selection is performed at step S3. Desired value selection embraces a NAV 
condition and is tab angle thetar, theta 1, and theta 2. It chooses. 

[0103] In step S4, tab angle deflection count and an output are performed. Tab angle deflection 
count is selected desired value thetaR. It is calculated based on the trim-tab angle detected by 
trim-tab angle sensor 16R ( drawing 1 ). An output outputs the signal of a rise or a down to 
hydraulic-motor 8R so that deflection may be set to 0. 
[0104] Next, the details of step S1 - S4 are explained. 

[0105] The change of the control method of said step S1 is performed by the routine of drawing 
6 . At step S101, reading of the speed v detected by the speed sensor 15 ( drawin g 1 ) is 
performed first. 

[0106] The judgment of a velocity level is performed at step S102. It is (1), as this judgment was 
performed in the velocity level judging section 20 ( drawing 1 ) and being described above. v<v1 
(2) v1 <=v<=v2 (3) It is carried out about v2 <v and is v<v1. A case is (1) at step S103. Selection 
of a signal is performed. 

[0107] v1 <=v<=v2 A case is (2) at step S104. Selection of a signal is performed. 

[0108] v2 In <v, set to step S105 and it is (3). Selection of a signal is performed. 

[0109] Subsequently, reading of omega is performed whenever [ yaw angle / which was detected 

by the sensor 1 1 ( drawing 1 ) whenever / yaw angle / in step S106 ]. 

[0110] A judgment of a NAV condition is made at step S107. This decision is performed in the 
rate-of^change count section 21 ( drawing 1 ), and as described above, it carries out about (b) d 
omega/dt<d omegaO / dt (b) d omega/dt>=d omega 0 / dt. 

[0111] In d omega/dt<d omega 0 / dt, selection of a (b) signal is performed in step S108. 
[0112] In d omega/dt>=d omega 0 / dt, selection of a (b) signal is performed at step S109. If 
these signal selections are performed, based on these signals, a judgment of speed and a NAV 
condition will be made in step S110. This judgment is made like said drawing 4 in the control 
method change section 22. 

[0113] Namely, (1) And (**) and (1) And (**) and (3) It reaches, in (**), it sets to step S111, and 
is (i). Selection of a signal is performed. 
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[0114] (2) And (**) and (2) And in (**), selection of the (ii) signal is performed in step S112. 
[01 15] (3) And when it is (**), set to step S1 13 (iii). Selection of a signal is performed. 
[0116] These (i) A signal and (ii) signal (iii) t The change of the control method can be judged with 
a signal, therefore, the step S1 14 — setting — (i) or (ii) — or (iii) it was chosen — it changes 
and a signal is outputted. 

[01 17] Next, tab angle count of step S2 of said drawing 5 is performed by the routine of drawing 
7 . In step S201, reading of detection roll angle phi is performed first. This reading is based on 
detection of said roll angle sensor 12 ( drawing 1 ). 

[0118] Subsequently, count of moving average deviation phia is performed in step S202. This 
average processing is performed in the average processing section 23 ( drawing 1 ). Moving 
average deviation phia is outputted as whenever [ heel-angle ], as described above. 
[0119] It sets to step S203 and is decision aim ground phio. Read in is performed. This decision 
aim ground phio It is based on the value beforehand determined in said desired value decision 
section 24 ( drawing 1 ). 

[0120] At step S204, deflection count is performed whenever [ heel-angle ]. Whenever [ this 
heel-angle ], deflection count is performed in the count section 25 ( drawing 1 ) whenever 
[ heel-angle ], and phie =phia-phio is performed. 

[0121] At step S205, it is tab angle desired value thetar. Count is performed. This count is 
performed in the right tab angle desired value count section 26 ( drawing 1 ), as described above. 

[0122] Next, it sets to step S206 and is tab angle thetar. An output is performed. This output is 
performed from the right tab angle desired value count section 26 to the desired value selection 
section 30. 

[0123] Desired value selection of step S3 of said drawing 5 is performed based on the routine of 
drawing 8 . This routine is performed by the desired value selection section 30 ( drawing 1 ). 
[0124] It is tab angle count desired value thetar at step S301 first. Read in is performed. This 
desired value thetar It is based on the output from said desired value count section 26 ( drawing 
1). 

[0125] At step S302, it is the tab angle setting-out desired value theta 1 and theta 2. Read in is 
performed. This desired value theta 1 and theta 2 It is based on the output from the right tab 
angle desired value setting-out section 28 ( drawing 1 ). 

[0126] It changes at step S303 and is a signal (i). (ii) (iii), Read in is performed. This read in is 
based on the output from said control method change section 22. 

[0127] At step S304, it changes and decision of a signal is performed, (i) It sets to step S305 and 
a case is desired value theta 1. Selection is performed. In (ii), it sets to step S306 and is desired 
value theta 2. Selection is performed, (iii) It sets to step S307 and a case is desired value thetar. 
Selection is performed. The these-chosen desired value theta 1, theta 2, and thetar Either is 
desired value thetaR. It carries out and is outputted in step S308. This output is performed from 
said desired value selection section 30 to the right tab angle deflection count section 32. 
[0128] The tab angle deflection count output of step S4 of said drawing 5 is performed by the 
routine of drawing 9 . This routine is performed by said right tab angle deflection count section 
32 and the right output section 34. 

[0129] The desired value theta 1 first chosen in step S401, theta 2, and thetar Read in is 
performed. This read in is based on the output from the desired value selection section 30 
( drawing 1 ). 

[0130] At step S402, read in of detected trim-tab angle thetaRO is performed. This read in is 

based on the output from said trim-tab angle sensor 16R ( drawing 1 ). 

[0131] Tab angle deflection count is performed at step S403. This count performs thetae 

=thetaR-thetaRO. 

[0132] Subsequently, it sets to step 404 and is thetae. A positive/negative judging is performed, 
thetae When it is positive, the output of the down signal ORD is performed in step S405. thetae 
When it is negative, the rise signal ORU is outputted in step S406. Said hydraulic-motor 8R 
drives and a trim-tab angle is controlled by this output at a down or rise side. 
[0133] And decision of being thetae =0 is performed in step S407, and control will be ended if 
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set to 0. 

[0134] Thus, according to the NAV condition of a ship, trim tabs 6R and 6L can be controlled, 
and efficient and the position system of high degree of accuracy can be performed automatically. 
Moreover, the load of hydraulic motors 8L and 8R can be made into min, and endurance and 
reliability can be improved. 

[0135] An example of the effect by the above-mentioned example of this invention is shown in 
drawing 10 . 

[0136] Drawing 10 (a) Depressor effect is shown whenever [ in every speed of a ship / heel- 
angle / in / for a cross wind / a carrier beam condition ] at the time of rectilinear propagation. 
[0137] As for a dashed line, in control by this invention example, in not controlling, the 
continuous line in drawing shows the case where a two-dot chain line performs rear-spring- 
supporter rolling control in the whole region, respectively. 

[0138] It turns out to disturbance, such as a cross wind, that this invention example has 

depressor effect whenever [ very effective heel-angle ] so that clearly from these. 

[0139] Moreover, since it is small, not in the degree as which human being senses displeasure 

but in this field, the control effect is known by that it is few, as the inclination in the field in front 

of non-controlled degree play NINGU of heel angle was described above. 

[0140] Drawing 10 (b) The trim depressor effect by this invention is shown similarly. As for a 

dashed line, in control by this invention, in not controlling, the continuous line in drawing shows 

the case where a two-dot chain line performs rear-spring-supporter pitching control in the 

whole region, respectively. 

[0141] the bow according to the trim inhibitory control before play NINGU by this invention 
example so that clearly from these — it turns out well the relief prevention effect is not only 
acquired, but that trim depressor effect continues after play NINGU which is trim control sheep 
regulatory region. 

[0142] Moreover, even if it performs trim inhibitory control in a low-speed region and the 
maximum high-speed region, an effect is well known by that it is small. 

[0143] As mentioned above, although the configuration of the above-mentioned example, control 
logic, the operation, and the effect were explained, this invention is not limited to the 
configuration and control logic of the above-mentioned example. 

[0144] For example, it is a correction term for raising control precision about each 2nd term and 
each 3rd term in the 5th formula and the 6th formula, and it is also possible to omit one of these 
or both sides. 

[0145] Moreover, it sets in the tab angle deflection count sections 32 and 33, and is deviation 
angle whenever thetae by the 7th formula. Although the rise down signal of a trim tab is 
outputted and driven in the output sections 34 and 35 after asking, it is also possible to drive a 
trim tab with the tab angle desired value itself chosen in the desired value selection sections 30 
and 31. 

[0146] In this case, the tab angle deflection count sections 32 and 33 and the trim-tab angle 
sensors 16R and 16L become omissible. 

[0147] Moreover, in this configuration, a comparison operation with the roll angle after control is 
performed, and it cannot be overemphasized that feedback of the deflection by study etc. is 
possible. 

[0148] It cannot be overemphasized that you may be the object which will not be limited to the 
object of a proper if said control is possible, and has two or more functions by one also about 
each sensor in an example. 
[0149] 

[Effect of the Invention] As mentioned above, according to invention of claim 1, control of a trim 
tab can be automatically controlled the roll angle of a hull, and whenever [ yaw angle ] according 
to vessel speed, and attitude control of high degree of accuracy can be automatically performed 
so that clearly. 

[0150] According to invention of claim 2, control of a trim tab can be automatically controlled a 
roll angle and whenever [ yaw angle ] according to vessel speed and the detected trim-tab angle, 
and attitude control of high degree of accuracy can be performed more automatically. 
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[0151] According to invention of claim 3, whenever [ yaw angle ], from a signal and a speed 
signal, the NAV condition of a ship can be judged and the angle of a trim tab can be controlled 
by this. Therefore, it can double with the NAV condition of a ship and attitude control of efficient 
and high degree of accuracy can be performed automatically. 

[0152] According to invention of claim 4, based on rate of change and a velocity level judging, a 
NAV condition can be judged whenever [ yaw angle ], and the control method can be changed. 
And tab angle desired value can be chosen with the change signal of the control method, and a 
driving signal can be outputted. Therefore, attitude control of high degree of accuracy can be 
performed more automatically. 

[0153] whenever [ heel-angle / which was chosen according to NAV conditions in invention of 
claim 5 ] — control and turning tense — a bow — the desired value determined in control 
whenever [ in a relief condition / angle-of-trim ] is outputted, and control according to NAV 
conditions can be performed accurately. 

[0154] In invention of claim 6, whenever [ yaw angle ], from a signal and a speed signal, a NAV 
condition can be judged, the angle of a trim tab can be controlled with a signal and a trim-tab 
angle signal whenever [ heel-angle ], and more accurate control can be performed. 
[0155] When it is judged as the time of turning according to invention of claim 7 t a trim tab can 
be controlled to the desired value set up beforehand, and control at the time of turning can be 
performed more accurately. 

[0156] according to invention of claim 8 — a bow — it is [ whenever / angle-of-trim / in a relief 
condition ] accurately controllable. 

[0157] A roll angle can be computed by the ability for an oscillating gyroscope to detect the 
angular velocity of the roll direction of a hull according to invention of claim 9, and integrate with 
angular velocity, and exact control can be performed. 

[0158] In invention of claim 10, an accelerometer detects the acceleration of the roll direction of 
a hull, and the tilt angle of a hull can be computed based on this acceleration, it can consider as 
a roll angle, and exact control can be performed. 

[0159] In invention of claim 1 1, an inclinometer can detect the tilt angle of the roll direction of a 
hull, it can consider as a roll angle, and exact control can be performed. 

[0160] In invention of claim 12, a magnetometric sensor detects the relative bearing of a hull, 
this is outputted as whenever [ yaw angle ], and exact control can be performed. 
[0161] It is possible to correspond, also when control of a trim tab can be changed to an 
automatic and hand control at arbitration, and can be performed in invention of claim 13 and 
automatic control breaks down. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/01/30 



1/1 ^— V 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is structure-o^a-system drawing which looked at the hull which applied the 
example of this invention from the upper part. 

[Drawing 2] It is the block diagram of the controller concerning one example of this invention. 
[Drawing 3] It is the graph which shows the general relation between the vessel speed of a ship, 
and whenever [ angle-of-trim ]. 

[Drawing 4] It is the chart showing the control pattern concerning one example of this invention. 

[Drawing 5] It is an overall flow chart concerning one example of this invention. 

[Drawing 6] It is a flow chart concerning the change of the control method. 

[Drawing 7] It is a flow chart concerning tab angle count. 

[Drawing 8] It is a flow chart concerning desired value selection. 

[Drawing 9] It is a flow chart concerning a tab angle deflection count output. 

[Drawing 10] It is the graph which takes effect. 

[Description of Notations] 

1 Hull 

2 Handle 

3 Wire 

4 Engine 

5 Screw 

6R, 6L Trim tab 

7R, 7L Cylinder (driving means) 

8R, 8L Hydraulic motor (driving means) 

10 Controller 

11 It is Sensor whenever [ Yaw Angle ]. 

12 Roll Angle Sensor 

1 3 Transfer Switch 

14R, 14L Trim-tab manually-operated switch 

15 Speed Sensor 

16R, 16L Trim-tab angle sensor 



[Translation done.] 
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(2) 

/ 

mmcj&vTmmm^tttiiJrtzmm-tyy-t. 
Suie-t ^<Din^mcit, trm^ziajr? z> ^ > 

im*<d a —% mc fs c r a —ft &m^% mti -r s a 

m©^^*Jp-T5 h 'J l±&~7t^ 

Uflaon— ;l/ftStcjE5UTn— ^g§f%{ii^t5D 

3 — ft £ U T 3 — ft tiMr*" * 3 -£l 

»aK:i6i:Tattfli^*a/3'r*aa-t>-9-i:, 

g5ign>bn-^(±i}ie3-ftafi^i:tfit53ia[fi^t -/o 
<fc k> m<Dmntm*vijz.-? z tmc mmzmicfc cm 
ibd -jvftmmmimm v y a* ynm.m^ tic <t dm 
is h u A*^ofts*«i»-r* c tz&mt-rzmmv 

minus 4 ] *Btt4>«»£»j»-r3 h y l>$-7£. 
St, 



f#P«W8-4 0 3 8 0 

2 

L.*7ftm-t>V£frii1i*), 

BijfBn^ b d— 7{±Suie3-ft*<l^A^i: L3-ft 

tufB 3 -n &mitmm^ t bus ess v-^fvm^ t^xti 

ftmj3&vww?L&£*mc K-ommu-ivftmrn^ 
%¥-t%<ti,£-j\'ft&mn*mti-tz¥i$<iim%i£. t 
-jiftmm^t ^.—^ft&mmmmn^K-h tLn-jv 
ftmMmm^*mti-?z*->i'ft&mm9tmf$£. n- 
/i/fcs«a«9*A*fc l h y AwisoiiKit 

mm<DwtR*n^ ^zfftms mm* mti-r z smmm®. 
l * -?ft mmm * tts-r 5 2 7 ft &mmm^ t z 7 ft & 

cif mm 6 ] is*^ 5 mmcommco i mgmmmmw 

^ i: Sute h y a ^ -?ft t ic * k> me h v a * ^© 
ftft*w»-r*c t*w«i:-r*ttjKoi«i§6»iiiij»* 

Mo 

ssnftsst EMitsc t^atts iiflfio s id 



(3) 

3 

[« *3 9 ] if *3 i . w*3 2 , w*3 3 , if *3 

4, If*3 5, If*36, If*37, If*38ffitt<D0B 

watt e si^^sij^^go 

[«*3 l 0 ] W*3 l > IS*3 2 , If *3 3 , WOt 
34, If*35, ff*36, If*37, If*38fB!©cD 
«Mfloe»*»»JW«llT?*-3T, 

thumb u Hute)!iP3is^sc?#Hijfe«if*offl^^» 

[If*3 1 1 ] If*3 1 > W*32, 11*33. W* 
34, 11*3 5, 11*36', M#H7. If*38fBS£<0 

KiaoeAKiM>i«mii7«9T. 

[If *3 1 2 ] §1*3 1 „ If *3 2 , If *3 3 , If* 
34, If*35, If*36, lf*37, If*38f3iffi<0 

U cn£3-ftS£LTffi7Jir3c£*#l!ti:-f 5 0 

cif *3 1 3 1 if *3 5 mm<vmm<D s wi&mmmm 

*)ei!rrs««i:**U c ©if*) 
[000 1] 30 
CO 0 0 2] 

c«a6oa«] a nsm»i9mm tit 

t±, W NPF 3-8 2 6 9 7 Rtf^gflT 3-114 

9 9 6 l:^«ftftt.OA^S, 

[0 0 0 3] #i¥3-8 2 6 9 7 0tO!i, J8«E«* 

)%S«r»J»-r**J«-p**o 
[0 0 0 4] ^¥3- 1 1 4 9 9 6 Kfc^Tti, fffif* 

[0 0 0 5] 

3-8 2 6 9 7fCie§J<0fe©«\ DftOS^tOt©* 



1$Bfl¥ 8-40380 

4 

[0006] ommmf%icmtmi3&uu-ij z/tr&fz 
[0007] <2>m®mcis^Ts mmm^.mis^rjmm 

[0 0 0 8] *fc, ^EI^ftcfe^T^^jS^ (IffltoJI 
[0 0 0 9] -7?, »Mf 3-1 1 4 9 9 6f;:I3IS©t> 

etc sm*v?-n&t.Bmu-j\,nmt*5-z.?ktm 

HB<0Aft?T #i»lc H«* < lit K n - jl/ft gfclf-yfftS© 
[0 0 10] <3MlB03-ft**ffc*fcttll«iajft**a 

[ooi i] ®mcW}t&n*fflWLT^zrctb. hvi* 

[0 0 12] *CT% COSBWfct, WOUftfrttMilC^to 
[0 0 13] 

tclf*3 1 ©fSBmi, 8B*<0n-;l/#|StJSi:r n-;l/ 

stcjs u r 3 -n mm^iati^ s 3 -n s-tr >+»• t , 

[0 0 14] §f*32©fgH8t±> »*OD-yI/ftSH:i6 

#<D3—nmic&vT3—nm<s^%:iiit)-TZ3—ftg. 
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ft S£rg* § SEIft^g 6 % -5 c i: «r1f® f £ „ 
COO l 5] M*g309mttlBftt>£»*tnr4-« h 

j^5>tir< saa^m^tciscT h "j A^Tvoftg^*. 

^SSSi^mt. 8){*<Dn— /UftftfcfSUTn— /Uftft« 
^*ffi*-r*n-;l/ftft-fe>-9-i: % «Jtt<D3-ft&k:jS 

^oK»fta[Kisi:Tft*«^«a*r* mj A^rft 
7ft g<i<§ tic £.9 fijig i-'ja^ 7©ft m*mw? 5 C 

[0 0 16] fll^9(4<D^tilKH4:0«»«ftiMt-« h 

3£5nT< •SttJ^i<a^{c/SUT h U A^cDftfgSrg* 
3igfS3M§£, ffif*OD— ;l/ftfi{cj£CTn— ;l/ftjg{f 
^£ffi^ir5nwbft&-b:>+>-,^ $M*<D3-ftfijcf£; 

ffiffjftSlcjSUTftSfl^fcdi^-rs h 'JA?7ftg-b 
>+>-£fre>&tK gijfen^hn— 7«huI53— ftgffJf 

affit-r* hUi»^7ft**s^LT*«^7'ftgs« 

<fc0*7ft&B«te©g«fcfT</^:rftgasffi*:m2; 40 
t^mwrnmsmt. ^fnmsmmtbo^ynm 

[0 0 1 7] flt$*5 0»9i(*l||$J9ll, Xttflfc&g 
fflElslflftHIB, «W#*±#9 HU Aft 



M) W BfW 8-4 0 3 8 0 

6 

[0 0 18] if^6O^»i^|*^5ieig<0j3B|}S<0S 

iw5»*uw»iit&-3t, msBk-yi/ftswwtt. tufa 

3 -ft Sfi^ i: 85f Bit Sit*§ £ «fc t) mrVm*n%. 
U fc-;l/ft gfl^ t ituiE h U A* 7ft g{I4f£ 

[0 0 19] ^^7©5IW(±tt^^5feeolBSfl(Di 
I»»WWSIT*oT, HufH3-ftlfc«^£tiifag£ 

JO h V A*7*iH6R«snfcB«fflfc:iW»^« C 

[0 0 2 0] fSsR318(D^{4|f^5fee£OSSS6(Dg 

[0021] m&m9<D&Bmm#mi. m^mz. m 

i££3, f§AR]S4, g*S5, Ift&ge* If 
««8aB«<0»l|fl<0g|»S»iR|»aB-p*oT, sufBn 
20 — 71/ftfifi, fM*cDD— ^[qjcQftii^tllSi/Wn 
T*ffiU HUl2ft3iS^«»UT»iB-rsci:*#®i: 

[0022] m&m 1 0 o&Httiragi 1 , m&m 2 , 
nsRS3, m&m4, m&ms, m^6, m>stm7. 
it *m 8 GKoietto i li^wgf-e^o t , lute 

[0023] m&m 1 1 nmmmm 1 , mMVkz. 

30 H*^3, W5R3S4, »*5J5» Iff^6, II5RS7, 

if^8iBe<ossiei<oi»i^$ijffli»gT'«oT, wis 
[0024] m&m 1 2 o^ait 1 , n 2 , 

»««3, lf5RS4, ISst?«5, M«q(6. H^7, 
lf^8teS03ffite(Oa»)^KSI^HT'^oT, flufS 

3-ft&«\ «M*offlj**ffi*«a-fc>-9-T?«aiL, c 

[0 0 2 5] 1 3<O^{ifSAR^5fee<Offifi0(O 

[0 0 2 6] 

-/l/ftfi, 3-ftjg, IBjltcScJt, n>hn-7{cj; 
0«ft#S*MlWL, KUA^y<oftS*^«Ci:^ 

[0 0 2 7] ltjRJS2<D^tcJ:n(^ SB(*<Ou-;l/ft 

0 mmtbVL.*7<Dnmcm-32=>>b 
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7 

COO 2 81 M£g3 08IHfcJ;n& 

C0 0 2 93 «Wai4 0«Wfc:J:ntf, 3-ftSSfb^ 

B«MIOW?*!fa:t>T*7ftBa«*ffi*b, *7ft 

[0 0 3 0] »*a5 0«WK:J:ntf, JKSttlBteJSi; 

t^T»8«tiftHMi«lliW*i: t#Tt*. 
[0 0 3 1] W#E6 0SHJ!te*ntf. 3-ftffiff^£ 

ijA^ma«#i:*c<tt) hyA#r©ftft*»j«iLT 

k — /l/ft fi*J»*:?T ft 5Cfc#7?*So 
[00 3 2] W3R3B7(D«BBteJ:ntf, 3-ftjgfI^£ 

[0 0 3 3] »*a8 0SHBK:<ttltf. ^Sfl^C^O 
[0 0 3 4] |f*]S9 0«WtCj:ntf. «H*00— 
[0 0 3 5] 1 0O3eWlcJ:ntf, «Jft:(Dn-/l/ 

[0036] m&m i i co^tccfcntf. nwton-^ 
[0037] 1 2o«WK:j:ti«r. 

C0 0 3 83 BWtflll 3 0*RHlcJ:ntf, hUA*7* 
[0 0 3 9] 



(5) f9H¥ 8-4 0 3 8 0 

5 

[0 0 4 0] El 1 tt»*±»<P6Ift^XfAlfiUO± 
[0 0 4 1 ] H±«M*, 2«/n>K;1/T?*5, />>K^ 
-TSJi^tcLTV^o X>i/> 4tC JLl/z/yAlCk 
§o F;l/ 2 OEKt i oTX* 'J a - 5 

70 [0042] =3 > h o — ^ 1 0 lc«\ m^OS^Tufp]^ 

^riaoftaftSrattB-rsn— ;i/ft«-fe>it 1 2 taw*© 

ttsic eoioa«K:«-3#ttftto««#i ttw&-?% ctlc 

[0043] MK a— 1 1 TfcfflLfca— ft 
mm^o) tu-jiftm^yv 1 2-e^mbrca-;uftjg 

{B^flfcifift-feVIJ-l 5-e«BLft»llfi;ttttlf 

1 o&cA*rr£<fc?icLTo>£o 

[0 0 4 4] £fc> 3>hD- 5l0lCtt* 
6R, 6LOft«*ttfflt5ftK-fe>1}- C&HJA*;/ 
ffl 1 6 R, £h'JA^7ffl 1 6 L) fc h »J A^76 R, 

30 ZWD&z.X'fv* 1 3 £ HJ R. 6 L^Sj 

R> £h'JA*7ffl 1 4 L) J&gSLtl/^o 
[0 0 4 5] ££>fc N 3>hn-7 1 0fi\ WMX^v 

1 7tfO F FtOif^ 3>hn-7l0O(WM 

[0 0 4 6] 3>ha-7 1 Ott. 3>hn-7 1 Ofr 
6tB**n«e^tciCi:ThyA*76 R, 6LCDftjg 

40 [0 0 4 7] C £>HSt§fflJ<D h'JA^76 R > 6 L^IESj 
*0*"5K:«l«*nT^* 0 3>hn-7l0 
^BOm^ff^tcjSUT, rftE-t— *8R. 8L3:IE 
$£> ERS*T^S« rfiEE^e-^8R, 8 L<£IEIe> 
glcC^>'J^7R, 7 LteffSgSl&£fr?o CCDS/ 
U>^7R, 7 LCOffSlilSjtCcfcO h y 2**76 R, 6 
L *±TSrT S «fc 9 tc LTl^o 
[0 0 4 8] #ac, {12tci:0^>'hn — 5 1 0£)rtgfl 

[0 0 4 9] nyhn-7 1 Otcte, S^HuiEilS-fev 
50 -9*1 5A^6Jififi^u^A^^n, C05SS«^vttiS 
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(6) 



W8-4 0 3 8 0 



[0 0 5 0] C<Dm&W<iJ]spim&2 0lc& y ^*bft{& 

fcjKtT«/B*W^-r5fc«)(0-ffifitvi , V2 (V! 

<V2 ) ^RgSnSo vi f£7V KU V^ttjfi^&to 
vi . V2 o«tt»oKfT*fr^fi^o»tt«cfls;u, ft* 



70 



[0 0 5 1] ft*, ttathU^ftiiOIBfttt, -fi§(c 
[0 0 5 2] tuieiISU-<7l/¥iJ^a5 2 OTtt. 
[00 5 3] 



(2) vi ^v^v2 GBtf»*±A^OttJR) 

(3) V2 <vi (TV-VlflB) 
0)O*ffOfc# (1)fi^**J»jfrffi«W;c»2 2tctb 

[0 0 5 4] (2)©*fr©fc* C2)A9«lMK9tt«i« 

[0 0 5 5] (3) fc # (3) W«Wffi«J« 

^.gP2 2tcm^-r^ 0 

[0 0 5 6] 1 0tCH5fB3~ftS-b> 

(-O dco/dt < dwo/dt 
(n) da)/dt > dwo/dt 

[0 0 5 8] (a) co^ffO^Fti (a) S^*»jaH7?J£ 
9JSA3J2 2fcffi*^rs 0 

[0 0 5 9] SuIBOSfiU^yl/W^gp2 Ofr&OilfiU 
^Mi-^fciiiE©^{t*§fSrai5 2 \ fr£><Dmitmm^£ 
*ffl»3?ffitt»*»2 2ka*«*:, »J»75rffi««^. 

(Hi) «SU g^fflSJR8P30, 3 1tffiAt5 0 
[0 0 6 0] «!ID**.fe^f|Jt<j) -(iii) ti\ 
(i) MJA*:7*JRfc±k:±tffc:[^K:?- StfMHt? 
(i i) h U A#^*«feTfc:T*ffc«l||lfc:'r*tfrfrfl|^ 

[0 0 6 1] -rftfe-B, ffi 1 3*c43»««)(^iljsu^;l/ 
tfZY KU >if«IB4:WS*nfc«^tt, SI 2 5Ste«* 



30 



[0062] arc, mi^cmf^mm^/wmwm 



^[0057] c<D$c<tmmm^2 1 ic*5^ry\ a*2 

T*&%3-ft&mitm do>/dt fits it 

s^nfcH-ftfi^ffcjp da>/dt mtmm$&2 1 

Sntt^ — 5£fild a) o/dt £ tfcKigg b ttJ^7 
«#**K-T5o doio/dt«4j»oltfT«!B*<9iaE, iSii 

R. 6 L*«feT*ffe«JBfc:»J»'r« 0 

[0063] cm, ffi&i,rcmicy > is-isttmicmj 

[0 0 6 4] £6lc, m 1 at6»«MEl^;WVU 
$ tlfc^tc V]Wz-fti*mm (iii) -r^^t:-;l/fta 
(i) tftb%HM^6R, 6L*«fc±W%«JBfc 
[0 0 6 5] cntc^Su 

[0066]— 77. zivhn— ^ 1 o^fin- ;bftg-tr 

&&m^0&¥-i$&mm2 3tc3ne>ns 0 

[0 0 6 7] C<D^mmM2 3T'lt A73 2nfcn- 

[0 0 6 8] 
Kfcl] 



d 

P e D d t e 



e <0^lb 
0 r = 0 



(7) $#P*W 8-4 0 3 8 0 



a k - 



t-k-n' 



12. 



^w^ifcfc Ck-n ), (k-n' +1) , <k-n' +2) . . k 



{K- (k-n* + n')) 



0 i i£ i ^TOP- ybftffi 70 
[0 0 6 9] 0 a k(i*r^*?^0 i ^n' [nJ£L/*cfiI<£> 
[0 0 7 0] 0Cixitf^fpItc^L^f4^f«]^IE^*r 
[00 7 1] W,3^\C£K)tmLtcic-)\sftm.Q a^rtli 
0 e = 0 a — 0o 

[0075] c<o\i-j]/ftKmmm*i0eit*7n&s 
[0076] *.7fca@«fiifttMP2 A^?n^ 



* [0072] c<DM-)\snmmmm>2 sunt, ccom 
[0073] c<D\z—frftmm\w&2 »OS 

[0 0 7 4] 

[0 0 7 7] 
[ft 2] 



4/ 



0 e dt 



40 



[0 0 7 8] 
[&3] 



13 



(8) 



#BB¥ 8-4 0 3 8 0 

14 



94-0 



est**- CK n 0^ + T„ — + —L dt) 



P e -D dt *e 



I 



coo7 9] mmzmt. t-frftmrnmrn^Q eoss 20 

[0 0 8 0] pgS!3E«, t-7l/ftS«S«^0 eO« 

[00 8 1] CCT'Si&en^ fi#^ftB«ffl[0 rtt 
i*ffl«»3 0lctt*Sh« o ^/c^7Si!0i 

[0 0 8 2] &rFtthVL>27<D&tim^&m£V<D 

[0083] aaas?jW3 o^tt, SuieLfes»j»^s^j 

0e = 0R — 0R O 

[0 0 8 9] 

ee ^iEotirtt cord) 
e e *«A<ot*tt yvfrn^ (oru) 

[0 0 9 0] fitH*»3 4t*tt, 6^7ft0iStM|Cffi3 



1 . 02 SAAlti/^o fihUA^y 

[0 0 8 4] B«ffiS«ffl5 3 or*^f^if(i) 
-(Mi) tc*f/SU ^7ftgO§lfi0 r . 0i , 0 

[0 0 8 5] 

(i) 0i ^StR 

(ii) 02 ^rSiR 

(iii) <V£% 0r 

«:tifc:J:0Wi«tifc*#rft*BaHl*e« =0. - 
Xtt0 2 > Xtt0r £-r& 0 
[0 0 8 6] B««W?»3 0T?W?*tlfc**^* 

[0087] t**7&mmtm«i3 2^«, xti-stirc 

*rftB«fil0R effete. hUA*7ft«-b>*i6R 

■e*a*tiftft*«^0R«tA**tiTv^*o 
[0088] te27nmmmm&3 2T*i^ 

[0 0 9 1] lT&fc>l3. *(B*«3 4-ett, »MX^f 

[0 0 9 2] 1 3&*><Dm&-ttmW}-£ 

U ±E"P«SShfc77r • ^-»«^ORoXf±ORu 
^m^S^i:LTi*EE^-^8 Rtctii^-r^o 

[0 0 9 3] WH*X><^1 3tf*70«^(iff|^ 

u 4r¥»x>ry^i 4Rosmc < fco^n577 

^>fi^*rU37^gP3 4 <D&f3£ LTte&*-$ 
8R^\tb7tf^tl^ 0 

[0 0 9 4] «±^hUA*76Ra)»JffllfcO0^TlHW 
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15 

[0095] ccz\ mmmizte^T, ^u-yttjgk 
*WgU o-ij>4ftt^ftv^ 0 — comiiiiofl: 

fchUA>r*fflt^/tW»Jfp«4*0«|jeLb, ±tfDr 
[0 0 9 7] Lfrba*^6±TOP— y>y*«k:««w 

Tiwkwwi (cti**— ;i>fti:v^) *wj»-r« 0 20 

[0 0 9 8] SStHl^tc^tt^n-'JV^SiJSlicD^ 

*»ft*ci:*«fflLTV^*. -rate* 

k3ttls!fcpj»fr*c: fc*^#*o 
[0 0 9 9] ^C±fen>hn-^ l 0OM»ffffi*B 

[oioo] s-r. H5o<fe5ic^f*w*»jw*<fften jo 

t>n§ 0 co»«WftO!St)«*t4, «HEA*ffl«(i) 
. <Z>«J»*T?*£o • 

[0 10 1] X^yrS2-e»*rft*IH|[3Wftoti 

£o *7ft«ffWiftW5P-/l/ft«-fey9-l 2 (HI) 

[0 10 2] Xfy^S 3TttB««tW?*ff*>n*o 

a«MHBittlttf««k:tf;i:rir^«er . 6\ , e 
[0103] xf7?s 4"e«*^ft*«iiitwatfffl ^ 

r ^UA^7ftat^l6R (HI) «W«hft 
[0 10 4] xfy^S 1 -S 4OP«0fc:oi^T 

[0105] itExfyys i oOT^ffio^sii^te 

l"CttjSflHr>"»M 5 (HIl) t?ttHiLftaSv(Ol* 50 



WfINW 8-4 0 3 8 0 
[0 10 6]Xf7^S10 2"P«aftU^;l/OWS* 

frfcn* 0 cowstt, asu^;i/W«eiJ2 o (01) 

(1) V<V1 

(2) VI ^V^V2 

(3) V2 <v 

teOl^TfTftfetU v<vi Oi^li^f 103 
TO) «*©«Wfftoft*« 
[0107] vi ^ v ^ v 2 OiftttXf'^S 1 0 4 

t(2) fifoiwi7t?nso 

[0 10 8] V2 < vOlfttt^fy^S 1 0 5tC&<^ 
T(3) «9©*R#frton*. 
[0 10 9] OO^Xfy^S 1 0 6tC^3V>T3~^S 

■fev-y-i 1 (hi) ^*ffi*nfc3-:-ft*iooR*a* 
[0110] xf y^s 1 07m mmmmmw 

'rtfrtlZo CO«KB, ^{t^ItSgP2 1 (HI) T^t 

**>n, we l ft* at 

(-<) d co/d t<dfl)0/dt 
(n) d(o/d t^dwO/d t 

[0 111] dco/d t<do)0/d tOl6ttXf7 

1 0 8fc*5V»T W) «*©WWfrt>n*. 
[0 1 1 2] d co/d t ^d 0)0 /d t <0*&ttX^y 

ys 1 0 9T (d) mm<D&$iwirt>n% 0 cnzcom 

1 1 oic^rmmi&umn^mcommm^ti^o c 

©WKttM»#ffitt»»2 2 «c fcl^TtWEH 4 <£)<fc ? tc 

[0 113] EPS. (1) RZf (>f) . (1) &tf (n) , 
(3) &tf (d) Oif-e-ttX-r-y^S 1 1 nc*3v>T(i) 

[0 114] (2) M (-O , (2) RXJ (n) OW^tt 
Xf7^S 1 1 2^^3v>T(ii)«^S^Wften^ 0 
[0 115] (3) Rlf (-T) CD^ti^^S 1 1 3 

[0 116] cn6(i) ffi^, (ii)fl^. (iii) 

<feoT»j»*ffio«e**2pjK-r«cfc*-e**o S£o 

TXT77S 1 1 4lc:fc^T(i) . Xtt(iih il<(i 

[0 117] ^MI3H5 0Xf7ys 20^^ftgtf- 

S 2 0 1 *C*30>T«i£i4n— ;Uft0(OK*i&*A^fT«:t)n 
£ Q CO»*ii*«ffllHn— 1 2 (Hi) 

[0 1 18] ^raf^S 2 0 Zlcfc^TSIW^ 

2 3 (Hi) Tfr*t>nSo &»¥JSffi0 attMELft 
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(10) 



17 

[0 119] Xtv7S 2 0 3KH3^Tft£B«Hft0o 
ffiaS3B2 4 (0 1) fcfc^T^ttft^SnTl^SffilC 
[0 12 0] Xfv^S 2 0 4T*ttfc r ;l'ftfiISItI 

itsa5 2 5 (an -cfTftfen^ 

0 e = 0 a — 0o 

[0 12 1] Xr-^S 2 0 5T^^7M§Il0r 

ftttsaiffiff-xg^ 6 (0D -efTftfen^o 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Automatic attitude control equipment of a vessel characterized by providing the following The roll angle 
sensor which outputs a roll include-angle signal according to the roll include angle of a hull The driving means which 
changes the include angle of a trim tab according to the output signal which connects with the yaw angle sensor which 
outputs a yaw include-angle signal according to the yaw include angle of a hull, the rate sensor which outputs a speed 
signal according to vessel speed, the trim tab which controls the posture of a hull, the controller which outputs a signal 
according to the NAV conditions from said sensor, and this controller, and is sent from a controller 
[Claim 2] Automatic attitude control equipment of a vessel characterized by providing the following The roll angle 
sensor which outputs a roll include-angle signal according to the roll include angle of a hull The driving means which 
changes the include angle of a trim tab according to the output signal which connects with the yaw angle sensor which 
outputs a yaw include-angle signal according to the yaw include angle of a hull, the rate sensor which outputs a speed 
signal according to vessel speed, the trim-tab angle sensor which outputs an include-angle signal according to the drive 
include angle of a trim tab, the trim tab which controls the posture of a hull, the controller which outputs a signal 
according to the NAV conditions from said sensor, and this controller, and is sent from a controller 
[Claim 3] It is automatic attitude control equipment of a vessel which is equipped with the following and characterized 
by said controller controlling the include angle of said trim tab by said roll include-angle signal and said trim-tab 
include-angle signal according to a NAV condition while judging the NAV condition of a ship from said yaw include- 
angle signal and said speed signal. The trim tab which controls the posture of a hull The controller which outputs a 
signal according to NAV conditions The driving means which changes the include angle of a trim tab according to the 
output signal which connects with this controller and is sent from a controller The roll angle sensor which outputs a roll 
include-angle signal according to the roll include angle of a hull, the yaw include-angle signal sensor which outputs a 
yaw include-angle signal according to the yaw include angle of a hull, the rate sensor which outputs a speed signal 
according to vessel speed, and .the trim-tab angle sensor which outputs an include-angle signal according to the drive 
include angle of a trim tab 

[Claim 4] Automatic attitude control equipment of a vessel characterized by providing the following. The trim tab 
which controls the posture of a hull The controller which outputs a signal according to NAV conditions The driving 
means which changes the include angle of a trim tab according to the output signal which connects with this controller 
and is sent from a controller The roll angle sensor which outputs a roll include-angle signal according to the roll 
include angle of a hull, The yaw angle sensor which outputs a yaw include-angle signal according to the yaw include 
angle of a hull, It consists of a rate sensor which outputs a speed signal according to vessel speed, and a trim-tab angle 
sensor which outputs an include-angle signal according to the drive include angle of a trim tab. The rate-of -change 
count section which said controller considers said yaw include-angle signal as an input, and outputs a yaw angular rate 
signal, The velocity level judging section which considers a speed signal as an input and outputs a velocity level signal, 
The average processing section which has the control approach change section which considers said yaw angular rate 
signal and said velocity level signal as an input, judges a NAV condition, and outputs a control change signal, and 
equalizes said roll include-angle signal, and outputs a heel include-angle signal, The heel include-angle deflection 
count section which considers a heel include-angle signal and a heel include-angle desired value signal as an input, and 
outputs a heel include-angle deflection signal, The tab include-angle desired value count section which considers a heel 
include-angle deflection signal as an input, and calculates the desired value of a trim-tab include angle, The desired 
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value selection section which has the tab include-angle desired value setting section which has set up the target trim-tab 
include angle beforehand, chooses tab include-angle desired value with said control approach change signal further, 
and outputs tab include-angle desired value, The output section which considers as an input the tab include-angle 
deflection signal and tab include-angle deflection signal which consider tab include-angle desired value and a trim-tab 
include-angle signal as an input, and calculate tab include-angle deflection, and outputs a driving signal 
[Claim 5] claim 1, claim 2, claim 3, or the automatic attitude control equipment of a vessel according to claim 4 - it is - 
- said controller - each of said sensor signal - an input - carry out - NAV conditions - respond - heel include angle 
control and revolution tense - a bow — the automatic attitude control equipment of the vessel characterize by to output 
the desired value which chose control whenever [ in a relief condition / angle of trim ], and was determined in each 
control approach. 

[Claim 6] It is automatic attitude control equipment of the vessel characterized by being automatic attitude control 
equipment of a vessel according to claim 5, and for said heel include-angle control judging a NAV condition with said 
yaw include-angle signal and said speed signal, and controlling the include angle of said trim tab by the heel include- 
angle signal and said trim-tab include-angle signal. 

[Claim 7] Automatic attitude control equipment of the vessel characterized by controlling a trim tab to the desired value 
set up beforehand when it is automatic attitude control equipment of a vessel according to claim 5, a NAV condition is 
judged from said yaw include-angle signal and said speed signal and it is judged as the time of revolution. 
[Claim 8] the automatic attitude control equipment of a vessel according to claim 5 — it is - said bow - the automatic 
attitude control equipment of the vessel characterized by for control judging a NAV condition from said speed signal, 
and controlling a trim tab to the desired value set up beforehand whenever [ in a relief condition / angle-of-trim ]. 
[Claim 9] It is automatic attitude control equipment of the vessel characterized by being claim 1, claim 2, claim 3, 
claim 4, claim 5, claim 6, claim 7, and automatic attitude control equipment of a vessel according to claim 8, and for 
said roll include angle detecting the angular velocity of the roll direction of a hull with an oscillating gyroscope, and 
integrating with and computing said angular velocity. 

[Claim 10] It is automatic attitude control equipment of the vessel characterized by being claim 1, claim 2, claim 3, 
claim 4, claim 5, claim 6, claim 7, and automatic attitude control equipment of a vessel according to claim 8, and for 
said roll include angle detecting the acceleration of the roll direction of a hull with an accelerometer, and computing the 
tilt angle of said hull based on said acceleration. 

[Claim 11] It is automatic attitude control equipment of the vessel characterized by being claim 1, claim 2, claim 3, 
claim 4, claim 5, claim 6, claim 7, and automatic attitude control equipment of a vessel according to claim 8, and said 
roll include angle detecting the tilt angle of the roll direction of a hull with an inclinometer. 

[Claim 12] It is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude control equipment 
of a vessel according to claim 8, and said yaw include angle detects the relative bearing of a hull with a magnetometric 
sensor, and is characterized by outputting this as a yaw include angle. Automatic attitude control equipment of a vessel 
[Claim 13] Automatic attitude control equipment of the vessel which is automatic attitude control equipment of a vessel 
according to claim 5, has the device which controls said trim tab automatically, and the device driven with hand 
control, and is characterized by being switchable to arbitration in this automatic and hand control. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the automatic attitude control equipment of the vessel which controls 
the include angle of a trim tab automatically in order to stabilize the posture of vessels, such as a motorboat. 
[0002] 

[Description of the Prior Art] As automatic attitude control equipment of the conventional vessel, there are some which 
were shown, for example in JP,3-82697,A and JP,3-114996,A. 

[0003] The thing of JP,3-82697,A is a configuration which similarly controls a trim-tab include angle according to the 
output of a sensor and a roll angle sensor whenever [ torque-sensor / which detects the amount of operation /, and pitch 
angle / which detects the posture of a hull according to the output of the rate sensor which detects vessel speed ]. 
[0004] In JP,3-114996,A, it has composition which similarly controls a trim-tab include angle according to the output 
of a sensor and a roll angle sensor whenever [ pitch angle / which detects the posture of a hull ]. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the thing given in JP,3-82697,A did not detect the posture of a 
hull itself, but determined the include angle of a trim tab uniquely that a bow will not come floating according to vessel 
speed at the time of abbreviation rectilinear propagation, and since it had become the configuration which controls the 
include angle of a trim tab so that the heel (heel angle) of a hull might be made to ease according to amounts of control 
at the time of the reliance rudder operation by the time of revolution, a flank wind, etc., it had caused the following 
problems. 

[0006] ** A heel and rolling cannot be completely prevented at the time of abbreviation rectilinear propagation. 
[0007] ** Since it becomes the factor which loses the travelling-figure balance of a ship, it is not effective to control a 
trim-tab include angle regardless of the posture of the hull before revolution steering and under revolution steering at 
the time of revolution. 

[0008] Moreover, controlling a trim tab in the direction which reduces the inner inclination which is an effective 
posture for originally resisting a centrifugal force (lateral acceleration) at the time of revolution increases the lateral 
acceleration which crew feels, and it may give crew sense of incongruity. 

[0009] Although a thing given in JP,3-114996,A, on the other hand, also has the composition which detects whenever 
[ pitch-angle ], and the roll include angle showing the posture of a ship itself, is the configuration which controls a trim- 
tab include angle, gives and carries out the comparison operation of whenever [ target pitch-angle ], and the target roll 
include angle further, and controls a trim-tab include angle and control of a roll include angle and whenever [ pitch- 
angle ] was always performing regardless of the NAV condition of a ship, there were the following problems. 
[0010] ** Since yaw include-angle change or rudder angle change of a ship is not detected, revolution steering for 
course modification will not be able to be detected and it will be controlled in the direction which reduces an inner 
inclination too at the time of revolution. 

[0011] ** Since the agitation angle is always controlled, the load of the actuators (a motor, oil hydraulic cylinder, etc.) 
which drive a trim tab becomes high. 

[0012] Then, this invention aims at offer of the automatic attitude control equipment of the vessel which can double 

with the NAV condition of a ship and can perform efficient and highly precise attitude control. 

[0013] 
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[Means for Solving the Problem] In order to solve the above-mentioned technical problem invention of claim 1 The roll 
angle sensor which outputs a roll include-angle signal according to the roll include angle of a hull, The yaw angle 
sensor which outputs a yaw include-angle signal according to the yaw include angle of a hull, The rate sensor which 
outputs a speed signal according to vessel speed, and the trim tab which controls the posture of a hull, the controller 
which outputs a signal according to the NAV conditions from said sensor, and the driving means which changes the 
include angle of a trim tab according to the output signal which connects with this controller and is sent from a 
controller — since — it is characterized by becoming. 

[0014] The roll angle sensor to which invention of claim 2 outputs a roll include-angle signal according to the roll 
include angle of a hull, The yaw angle sensor which outputs a yaw include-angle signal according to the yaw include 
angle of a hull, The rate sensor which outputs a speed signal according to vessel speed, and the trim-tab angle sensor 
which outputs an include-angle signal according to the drive include angle of a trim tab, It connects with the trim tab 
which controls the posture of a hull, the controller which outputs a signal according to the NAV conditions from said 
sensor, and this controller, and is characterized by consisting of a driving means which changes the include angle of a 
trim tab according to the output signal sent from a controller. 

[0015] The trim tab by which invention of claim 3 controls the posture of a hull, and the controller which outputs a 
signal according to NAV conditions, The driving means which changes the include angle of a trim tab according to the 
output signal which connects with this controller and is sent from a controller, The roll angle sensor which outputs a 
roll include-angle signal according to the roll include angle of a hull, The yaw include-angle signal sensor which 
outputs a yaw include-angle signal according to the yaw include angle of a hull, It consists of a rate sensor which 
outputs a speed signal according to vessel speed, and a trim-tab angle sensor which outputs an include-angle signal 
according to the drive include angle of a trim tab. Said controller is characterized by controlling the include angle of 
said trim tab by said roll include-angle signal and said trim-tab include-angle signal according to a NAV condition 
while it judges the NAV condition of a ship from said yaw include-angle signal and said speed signal. 
[0016] The trim tab by which invention of claim 4 controls the posture of a hull, and the controller which outputs a 
signal according to NAV conditions, The driving means which changes the include angle of a trim tab according to the 
output signal which connects with this controller and is sent from a controller, The roll angle sensor which outputs a 
roll include-angle signal according to the roll include angle of a hull, The yaw angle sensor which outputs a yaw 
include-angle signal according to the yaw include angle of a hull, It consists of a rate sensor which outputs a speed 
signal according to vessel speed, and a trim-tab angle sensor which outputs an include-angle signal according to the 
drive include angle of a trim tab. The rate-of-change count section which said controller considers said yaw include- 
angle signal as an input, and outputs a yaw angular rate signal, The velocity level judging section which considers a 
speed signal as an input and outputs a velocity level signal, The average processing section which has the control 
approach change section which considers said yaw angular rate signal and said velocity level signal as an input, judges 
a NAV condition, and outputs a control change signal, and equalizes said roll include-angle signal, and outputs a heel 
include-angle signal, The heel include-angle deflection count section which considers a heel include-angle signal and a 
heel include-angle desired value signal as an input, and outputs a heel include-angle deflection signal, The tab include- 
angle desired value count section which considers a heel include-angle deflection signal as an input, and calculates the 
desired value of a trim-tab include angle, The desired value selection section which has the tab include-angle desired 
value setting section which has set up the target trim-tab include angle beforehand, chooses tab include-angle desired 
value with said control approach change signal further, and outputs tab include-angle desired value, It is characterized 
by having the output section which considers as an input the tab include-angle deflection signal and tab include-angle 
deflection signal which consider tab include-angle desired value and a trim-tab include-angle signal as an input, and 
calculate tab include-angle deflection, and outputs a driving signal. 

[0017] invention of claim 5 - claim 1, claim 2, claim 3, or the automatic attitude control equipment of a vessel 
according to claim 4 - it be — said controller - said each sensor signal - an input - carry out - NAV conditions — 
respond - heel include angle control and revolution tense - a bow - control be choose whenever [ in a relief 
condition / angle of trim ], and it be characterize by output the desired value determined in each control approach. 
[0018] Invention of claim 6 is automatic attitude control equipment of a vessel according to claim 5, and said heel 
include-angle control judges a NAV condition with said yaw include-angle signal and said speed signal, and is 
characterized by controlling the include angle of said trim tab by the heel include-angle signal and said trim-tab 
include-angle signal. 
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[0019] It is characterized by invention of claim 7 controlling a trim tab to the desired value set up beforehand, when it 
is automatic attitude control equipment of a vessel according to claim 5, a NAV condition is judged from said yaw 
include-angle signal and said speed signal and it is judged as the time of revolution. 

[0020] invention of claim 8 — the automatic attitude control equipment of a vessel according to claim 5 - it is - said 
bow - it is characterized by for control judging a NAV condition from said speed signal, and controlling a trim tab to 
the desired value set up beforehand whenever [ in a relief condition / angle-of-trim ]. 

[0021] Invention of claim 9 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said roll include angle detects the angular velocity of the roll 
direction of a hull with an oscillating gyroscope, and is characterized by integrating with and computing said angular 
velocity. 

[0022] Invention of claim 10 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said roll include angle detects the acceleration of the roll 
direction of a hull with an accelerometer, and is characterized by computing the tilt angle of said hull based on said 
acceleration. 

[0023] Invention of claim 11 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said roll include angle is characterized by detecting the tilt 
angle of the roll direction of a hull with an inclinometer. 

[0024] Invention of claim 12 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said yaw include angle detects the relative bearing of a hull 
with a magnetometric sensor, and is characterized by outputting this as a yaw include angle. 

[0025] Invention of claim 13 is automatic attitude control equipment of a vessel according to claim 5, has the device 
which controls said trim tab automatically, and the device driven with hand control, and is characterized by being 
switchable to arbitration in this automatic and hand control. 
[0026] 

[Function] According to invention of claim 1 of the above-mentioned means, based on the roll include angle of a hull, a 
yaw include angle, and vessel speed, a driving means can be controlled by the controller and the include angle of a trim 
tab can be changed. 

[0027] According to invention of claim 2, based on the roll include angle of a hull, a yaw include angle, and the include 
angle of vessel speed and a trim tab, a controller can control a driving means, and the include angle of a trim tab can be 
changed. 

[0028] According to invention of claim 3, from a yaw include-angle signal and a speed signal, the NAV condition of a 
ship can be judged and the include angle of a trim tab can be controlled by the roll include-angle signal and the trim-tab 
include-angle signal according to a NAV condition. 

[0029] According to invention of claim 4, input a yaw angular rate and a velocity level and a NAV condition is judged. 
Heel include-angle deflection is calculated with the heel include-angle signal and heel include-angle desired value 
signal which enabled the change of the control approach based on the judgment of this NAV condition, and equalized 
the roll include-angle signal. The desired value of a trim-tab include angle is calculated by considering this heel 
include-angle deflection signal as an input. Moreover, a target trim-tab include angle is set up beforehand, tab include- 
angle desired value is further chosen with the control approach change signal, tab angle desired value is outputted, tab 
include-angle deflection can be calculated by the ability to input tab include-angle desired value and a trim-tab include- 
angle signal, and a driving signal can be outputted. 

[0030] according to invention of claim 5 - a NAV condition - responding - heel include-angle control and revolution 
tense - a bow - the trim-tab include-angle control in a relief condition can be chosen, and the desired value determined 
in each control approach can be outputted. 

[0031] According to invention of claim 6, from a yaw include-angle signal and a speed signal, a NAV condition can be 
judged, the include angle of a trim tab can be controlled by the heel include-angle signal and the trim-tab include-angle 
signal, and heel include-angle control can be performed. 

[0032] According to invention of claim 7, when a NAV condition is judged and it is judged as the time of revolution 
from a yaw include-angle signal and a speed signal, a trim tab can be set as the desired value set up beforehand. 
[0033] According to invention of claim 8, a NAV condition can be judged with a speed signal and a trim tab can be 
controlled to the desired value set up beforehand. 
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[0034] According to invention of claim 9, a roll include angle can be computed by the ability for an oscillating 

gyroscope to detect the angular velocity of the roll direction of a hull, and integrate with angular velocity. 

[0035] According to invention of claim 10, an accelerometer can detect the acceleration of the roll direction of a hull, 

the tilt angle of a hull can be computed based on this acceleration, and it can ask for a roll include angle. 

[0036] According to invention of claim 11, an inclinometer can detect the tilt angle of the roll direction of a hull, and it 

can ask for a roll include angle. 

[0037] According to invention of claim 12, a magnetometric sensor can detect the relative bearing of a hull and this can 
be outputted as a yaw include angle. 

[0038] According to invention of claim 13, automatic and hand control can be changed to arbitration and a trim tab can 

be controlled. 

[0039] 

[Example] Hereafter, the example of this invention is explained. 

[0040] Drawing 1 is the general drawing of a system configuration seen from the hull upper part. 
[0041] 1 is a hull, 2 is a handle and he is trying for the turning effort of a handle 2 to rock a screw 5 right and left 
through a wire 3. Said screw 5 which can give turning effort with an engine 4 is connected to an engine 4. He changes 
the direction of a thrust and is trying to make it circle in a hull by rocking a screw 5 right and left by rotation of a 
handle 2. 

[0042] The yaw angle sensor 1 1 which detects the deflection include angle to the longitudinal direction of a bow, the 
roll angle sensor 12 which detects the agitation angle of the longitudinal direction of a hull, and the rate sensor 15 
which detects the rate of a hull are connected to a controller 10. In addition, a roll include angle can detect the angular 
velocity of the roll direction to a hull with an oscillating gyroscope, and can integrate with and compute said angular 
velocity. Moreover, it can ask by an accelerometer's detecting the acceleration of the roll direction of a hull and 
computing the tilt angle of a hull based on this acceleration. Furthermore, it can ask for a roll include angle by detecting 
the tilt angle of the roll direction of a hull with an inclinometer. A yaw include angle can detect the relative bearing of a 
hull with a magnetometric sensor, and can output this as a yaw include angle. 

[0043] He is trying to input into a controller 10 the yaw include-angle signal omega detected by said yaw angle sensor 
11, the roll include-angle signal phi detected by the roll angle sensor 12, and the speed signal upsilon detected by the 
rate sensor 15, respectively. 

[0044] Moreover, the manually-operated switch (14R for right trim tabs, 14L for left trim tabs) for operating manually 
the transfer switch 13 and trim tabs 6R and 6L which switch whether the angle sensor (16R for right trim tabs, 16L for 
left trim tabs) which detects the include angle of trim tabs 6R and 6L, and trim tabs 6R and 6L are controlled 
automatically, or it operates manually is connected to a controller 10. 

[0045] Furthermore, the controller 10 is connected with the dc-battery 9 through an electric power switch 17. When an 
electric power switch 17 is OFF, it has composition which actuation of a controller 10 suspends. 
[0046] The controller 10 has connected the output to the driving means which changes the include angle of trim tabs 
6R and 6L according to the signal outputted from a controller 10. 

[0047] The driving means of the trim tabs 6R and 6L of this example is constituted as follows. An output signal is 
embraced from a controller 10, and hydraulic motors 8R and 8L are rotated normally and reversed. According to 
normal rotation of hydraulic motors 8R and 8L and reversal, Cylinders 7R and 7L perform flexible movement. Trim 
tabs 6R and 6L are made to move up and down by flexible movement of these cylinders 7R and 7L. 
[0048] Next, drawin g 2 explains the internal configuration of a controller 10. 

[0049] A speed signal upsilon is first inputted into a controller 10 from said rate sensor 15, and this speed signal v is 
sent to the velocity level judging section 20. 

[0050] The constant value vl forjudging a NAV condition and v2 (vl and <v2) are beforehand set as the interior by 
this velocity level judging section 20. vl the bow of a ** idling condition and a ship — it is boundary value with a relief 
condition. v2 It is the boundary value of a ****** relief condition and a plane condition. This vl and v2 A value can be 
set as any value according to the NAV conditions of a ship, or the property of a hull. 

[0051] In addition, a property as generally shown in drawing 3 has the relation between vessel speed and an angle of 
trim. 

[0052] In said velocity level judging section 20, the velocity level of a ship is classified into the following three kinds 
by the following judgment type. 
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[0053] . . 

(1) v<vl (idling condition) 

(2) vl <=v<=v2 (bow relief condition) 

(3) v2 <vl (plane condition) - At the time of the conditions of the 1st formula (1) (1) signal is outputted to the control 
approach change section 22. 

[0054] At the time of the conditions of (2) (2) signals are outputted to the control approach change section 22. 
[0055] At the time of the conditions of (3) (3) signals are outputted to the control approach change section 22. 
[0056] Moreover, if the yaw include-angle signal upsilon is inputted into a controller 10 from said yaw angle sensor 11, 
this yaw include-angle signal omega will be sent to the rate-of -change count section 21. 

[0057] Yaw angular rate which is yaw include-angle change for every unit time amount according to the yaw include- 
angle signal omega inputted in this rate-of -change count section 21 d omega/dt It calculates. And calculated yaw 
angular rate d omega/dt The rate-of -change count section 21 carries out a comparison operation to constant value 
domegao/dt set up beforehand, and chooses an output signal. Domegao/dt is boundary value the NAV condition of a 
ship judges the time of current, rectilinear propagation, and revolution to be. this - The value of domegao/dt can be set 
as any value according to the NAV conditions of a ship, or the property of a hull. (**) d omega/dt < Domegao/dt (at the 
time of rectilinear propagation) 

(**) d omega/dt >= Domegao/dt (at the time of revolution) - 2nd formula (b) At the time of conditions (b) A signal is 
outputted to the control approach change section 22. 

[0058] (b) At the time of ****** (b) A signal is outputted to the control approach change section 22. 
[0059] Instruction signal when the velocity level signal from the aforementioned velocity level judging section 20 and 
the rate-of -change signal from the aforementioned rate-of-change count section 21 are inputted into the control 
approach change section 22, as shown in drawing 4 in the control approach change section 22 with the combination of 
the velocity level signal and rate-of-change signal which were inputted (i) - (iii) It determines and outputs to the desired 
value selection sections 30 and 31. 

[0060] Change instruction signal (i) - (iii) (i) Instruction signal changed into the condition of having raised the trim tab 
to the top 

(ii) Instruction signal which changes a trim tab into the condition of having lowered to the bottom 

(iii) Instruction signal which performs heel include-angle control 
It means. 

, [0061] Namely, it is a change instruction signal (i) regardless of a judgment at the time of rectilinear propagation [ in / 
I when the velocity level of the ship in the 1st formula is judged to be an idling condition / the 2nd formula ], and 
revolution. That is, a trim tab is controlled in the condition of having raised to the top. 

[0062] moreover, the velocity level in the 1st formula — a bow — when it judges with a relief condition (run state before 
plane shift), the change instruction signal (ii) 6R and 6L, i.e., trim tabs, is controlled in the condition of having lowered 
most, regardless of a judgment at the time of the rectilinear propagation in the 2nd formula, and revolution. 
[0063] This has the effective control which was mentioned above and which lowers a bow until it shifts to a plane 
condition like, and rolling control in this condition and heel include-angle control are because there is little 
effectiveness. 

[0064] furthermore, the case where it is judged with the time of rectilinear propagation by the 2nd formula when the 
velocity level in the 1st formula is judged to be a plane condition - change instruction signal (iii) namely, the case 
where heel include-angle control is judged to be the time of operation and revolution - change instruction signal (i) 
That is, it controls in the condition of having raised trim tabs 6R and 6L most. 

[0065] Thereby, at the time of rectilinear propagation, only a plane condition carries out heel include-angle control, and 
it controls not to check the heel which is the property which a ship originally has at the time of revolution. 
[0066] On the other hand, the roll include-angle signal phi is inputted into a controller 10 from the roll angle sensor 12, 
and this roll include-angle signal phi is sent to the average processing section 23. 

[0067] In this average processing section 23, from the inputted roll include-angle signal phi, the 3rd following formula 

is calculated and a moving average deviation is calculated. This moving average deviation is set to heel include-angle 

phia. 

[0068] 

[Equation 1] 
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As for roll include-angle phiak in i time, phii shows the heel include angle in k time. 

[0069] phiak, i.e., phii, is n\ It is the average of the value which ****(ed). 

[0070] phi makes a dextroversion oblique position forward to a travelling direction. 

[0071] Heel include-angle phia calculated by the 3rd formula is made into an output signal, and it outputs to the heel- 
angle deflection count section 25. 

[0072] Target heel include-angle signal phio which shows the target heel include angle beforehand set to this heel- 
angle deflection count section 25 in the desired value decision section 24 in addition to this It has inputted. 
[0073] In this heel-angle deflection count section 25, the 4th following formula is calculated and it asks for heel 
include-angle deflection signal phie. 
[0074] 

phie=phia-phio - A hull makes the clockwise direction forward to a travelling direction here the 4th formula. 

[0075] This heel include-angle deflection signal phie is outputted to the tab include-angle desired value count sections 

26 and 27. 

[0076] In the tab include-angle desired value count section 26, after judging the positive/negative of phie based on 
inputted heel include-angle deflection signal phie, the PID operation of the 5th formula is performed and it asks for tab 
include-angle desired value thetar of a right trim tab. 
[0077] 
[Equation 2] 

d 1 f 



0e <0tt6 
6 r = 0 
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After judging the positive/negative of phie based on inputted heel include-angle deflection signal phie in the tab angle 
desired value count section 27, the following PID operation of the 6th formula is performed and it is tab angle desired 
value thetal of left trim-tab 6L. It asks. 
[0078] 
[Equation 3] 
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In addition, the 1st term Kpphie of the 6th formula gives the tab include angle proportional to heel include-angle 
deflection signal phie to the 5th formula list. That is, the tab include angle of the right or the left is enlarged, so that the 
absolute value of heel include-angle deflection signal phie is large. 

[0079] This 2nd term does not give the tab include angle proportional to the differential value of heel include-angle 
deflection signal phie, if this differential value is not large, it gives that much big tab include angle, and it is raising the 
responsibility which decreases the heel include angle of a hull. 

[0080] This 3rd term gives the tab include angle proportional to the integral value of heel include-angle deflection 
signal phie, and this has given the tab include angle which negates the heel (heel include angle) of the steady hull 
produced according to the property and external force of a hull. 

[0081] Right tab angle desired value thetar called for here is outputted to the desired value selection section 30. 

Moreover, left tab desired value thetal It is outputted to the desired value selection section 31. 

[0082] Explanation to the output signal decision of a right trim tab is given to below. The flow to the output-signal 

decision of a left trim tab is completely the same as a right trim tab, and explanation is omitted. 

[0083] Change instruction signal outputted to the target selection section 30 from the above mentioned control 

approach change section 22 (i) - (iii) The right tab angle desired value setting section 28 which set up the target tab 

angle beforehand although tab include-angle desired value thetar outputted from the right tab include-angle desired 

value count section 26 was inputted to the target set point theta 1, and theta 2 It has inputted. Target set point theta 1 It 

is the set point in the condition of having raised trim-tab 6R most. Target set point theta 2 It is the set point in the 

condition of having lowered trim-tab 6R most. 

[0084] At the desired value selection section 30, it is a change instruction signal (i). - (iii) It corresponds and is desired 
value thetar of a right tab include angle, theta 1, and theta 2. It chooses. The selection correspondence is as follows. 
[0085] 

change instruction signal Tab angle desired value (i) The time theta 1 Selection (ii) The time theta 2 Selection (iii) The 
time thetar selection - the right tab include-angle desired value chosen by this - thetaR =thetal theta 2, or thetar ** - 
- it carries out. 

[0086] Right tab include-angle desired value thetaR chosen in the desired value selection section 30 It is outputted to 
the right tab angle deflection count section 32. 

[0087] Tab angle desired value thetaR inputted into the right tab angle deflection count section 32 Include-angle signal 
thetaRo detected by trim-tab angle sensor 16R is also inputted into others. 

[0088] The 7th following formula is calculated in the right tab angle deflection count section 32, and it is deflection 
include-angle thetae. It asks, thetae =thetaR-thetaRo - It is thetae to the 7th formula pan. Positive/negative distinction 
is performed and it is deviation-angle thetae. The signal which rises and brings down trim-tab 6R so that it may become 
zero is determined as follows. 
[0089] 
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thetae When it is forward Down signal (ORD) 

thetae When it is negative Rise signal (ORU) 

This rise down signal is outputted to the right output section 34. 

[0090] In the right output section 34, the change signal and the manual ringing from right manual switch 14R which 
rise down signal ORU or ORD determined in the right tab angle deflection count section 32 is considered as an input, 
and also consider an on-off signal as an output from a changeover switch 13 are inputted. 

[0091] That is, he is trying to change automatic and manual trim-tab control in the right output section 34 with the 
change signal inputted from a changeover switch 13. 

[0092] When a changeover switch 13 is ON, it considers as automatic, and it outputs to hydraulic-motor 8R by making 
into an output signal rise down signal ORD or ORU determined above. 

[0093] When a changeover switch 13 is OFF, it considers as hand control, and the rise down signal determined by 
actuation of right manual switch 14R is outputted to hydraulic-motor 8R as an output of the right output section 34. 
[0094] Although control of right trim-tab 6R was explained above, the same is said of the left trim-tab 6L. 
[0095] Here, there are little increase of water pressure which starts a ship's bottom since the draft of the stern is deep 
until it goes into a plane condition in a planing boat, and rolling. Actuation which lowers a bow when right and left take 
down a trim tab conventionally, since the shift to a plane becomes slow while a bow goes up by subduction of the stern 
on the other hand in the meantime and a front field of view gets worse is performed, and control of the example of this 
invention also applies to this. 

[0096] On the other hand, in a plane condition, a draft becomes shallow and agitation of a ship becomes active. When 
rolling is compared with pitching in this condition, the pitching period is usually longer and the direction of rolling is 
felt sensitively. Moreover, although the effectiveness of lowering the bow which went up too much on the structure, as 
for the attitude control using a trim tab is expectable, there is no effectiveness of raising the bow which fell too much. 
Therefore, the attitude control in a plane condition has more effective control of rolling. 

[0097] However, since a great quantity of loads will be given to a control actuator, always controlling all rolling does 
not tend to press down the agitation angle (rolling) of a hull itself, and it controls the average attitude angle (this is 
called heel angle) by the example of this invention. 

[0098] Moreover, about the invalid nature of the. rolling control at the time of revolution, although it is as above- 
mentioned, it uses that the level of the yaw angular rate in each differs at the time of rectilinear propagation and 
revolution for detection of a revolution condition. That is, if level with a yaw angular rate is exceeded, it can be judged 
as revolution. 

[0099] Next, the control action of the above-mentioned controller 10 is explained based on the flow chart of drawing 9 
from drawing 5 . In addition, also in this explanation, it carries out about control of right trim-tab 6R, and control of left 
trim-tab 6L is omitted. 

[0100] First, overall control is performed like drawing 5 . That is, the change of the control approach is performed in 
step SI. The change of this control approach is said instruction signal (i). An instruction signal (ii) and instruction 
signal (iii) It is a change. 

[0101] Tab include-angle count is performed at step S2. Tab include-angle count is performed based on detection of 
said roll angle sensor 12 ( drawing 1 ). 

[0102] Desired value selection is performed at step S3. Desired value selection embraces a NAV condition and is tab 
include-angle thetar, theta 1, and theta 2. It chooses. 

[0103] In step S4, tab include-angle deflection count and an output are performed. Tab include-angle deflection count 
is selected desired value thetaR. It is calculated based on the trim-tab include angle detected by trim-tab angle sensor 
16R ( drawin g 1 ). An output outputs the signal of a rise or a down to hydraulic-motor 8R so that deflection may be set 
toO. 

[0104] Next, the detail of step SI - S4 is explained. 

[0105] The change of the control approach of said step SI is performed by the routine of drawing 6 . At step SI 01, 
reading of the rate v detected by the rate sensor 15 ( drawing 1 ) is performed first. 

[0106] The judgment of a velocity level is performed at step S102. It is (1), as this judgment was performed in the 
velocity level judging section 20 ( drawing 1 ) and being described above. v<vl (2) vl <=v<=v2 (3) It is carried out 
about v2 <v and is v<vl. A case is (1) at step S103. Selection of a signal is performed. 
[0107] vl <=v<=v2 A case is (2) at step SI 04. Selection of a signal is performed. 
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[0108] v2 In <v, set to step SI 05 and it is (3). Selection of a signal is performed. 

[0109] Subsequently, reading of the yaw include angle omega detected by the yaw angle sensor 1 1 ( drawing 1 ) in step 
SI 06 is performed. 

[0110] A judgment of a NAV condition is made at step S107. This decision is performed in the rate-of-change count 
section 21 ( drawing 1 ), and as described above, it carries out about (b) d omega/dt<d omegaO / dt (b) d omega/dt>=d 
omega 0 / dt. 

[0111] In d omega/dt<d omega 0 / dt, selection of a (b) signal is performed in step S108. 

[0112] In d omega/dt>=d omega 0 / dt, selection of a (b) signal is performed at step S109. If these signal selections are 
performed, based on these signals, a judgment of a rate and a NAV condition will be made in step SI 10. This judgment 
is made like said drawin g 4 in the control approach change section 22. 

[0113] Namely, (1) And (**) and (1) And (**) and (3) It reaches, in (**), it sets to step Sill, and is (i). Selection of a 
signal is performed. 

[0114] (2) And (**) and (2) And in (**), selection of the (ii) signal is performed in step SI 12. 
[0115] (3) And when it is (**), set to step SI 13 (iii). Selection of a signal is performed. 

[0116] These (i) A signal and (ii) signal (iii), The change of the control approach can be judged with a signal, therefore, 
the step SI 14 - setting - (i) or (ii) - or (iii) it was chosen - it changes and a signal is outputted. 
[0117] Next, tab include-angle count of step S2 of said drawing 5 is performed by the routine of drawing 7 . In step 
S201, reading of detection roll angle phi is performed first. This reading is based on detection of said roll angle sensor 
12 ( drawing 1 ). 

[0118] Subsequently, count of moving average deviation phia is performed in step S202. This average processing is 
performed in the average processing section 23 ( drawing 1 ). Moving average deviation phia is outputted as a heel 
include angle, as described above. 

[0119] It sets to step S203 and is decision target ground phio. Read in is performed. This decision target ground phio It 

is based on the value beforehand determined in said desired value decision section 24 ( drawing 1 ). 

[0120] Heel include-angle deflection count is performed at step S204. This heel include-angle deflection count is 

performed in the heel include-angle count section 25 ( drawing 1 ), and phie =phia-phio is performed. 

[0121] At step S205, it is tab include-angle desired value thetar. Count is performed. This count is performed in the 

right tab include-angle desired value count section 26 ( drawin g 1 ), as described above. 

[0122] Next, it sets to step S206 and is tab include-angle thetar. An output is performed. This output is performed from 
the right tab include-angle desired value count section 26 to the desired value selection section 30. 
[0123] Desired value selection of step S3 of said drawing 5 is performed based on the routine of drawing 8 . This 
routine is performed by the desired value selection section 30 ( drawing 1 ). 

[0124] It is tab include-angle count desired value thetar at step S301 first. Read in is performed. This desired value 
thetar It is based on the output from said desired value count section 26 ( drawing 1 ). 

[0125] At step S302, it is the tab include-angle setting desired value theta 1 and theta 2. Read in is performed. This 
desired value theta 1 and theta 2 It is based on the output from the right tab include-angle desired value setting section 
28 ( drawing 1 ). 

[0126] It changes at step S303 and is a signal (i). (ii) (iii), Read in is performed. This read in is based on the output 
from said control approach change section 22. 

[0127] At step S304, it changes and decision of a signal is performed, (i) It sets to step S305 and a case is desired value 
theta 1. Selection is performed. In (ii), it sets to step S306 and is desired value theta 2. Selection is performed, (iii) It 
sets to step S307 and a case is desired value thetar. Selection is performed. The these-chosen desired value theta 1, 
theta 2, and thetar Either is desired value thetaR. It carries out and is outputted in step S308. This output is performed 
from said desired value selection section 30 to the right tab include-angle deflection count section 32. 
[0128] The tab include-angle deflection count output of step S4 of said drawing 5 is performed by the routine of 
drawing 9 . This routine is performed by said right tab include-angle deflection count section 32 and the right output 
section 34. 

[0129] The desired value theta 1 first chosen in step S401, theta 2, and thetar Read in is performed. This read in is 
based on the output from the desired value selection section 30 ( drawing 1 ). 

[0130] At step S402, read in of detected trim-tab angle thetaRO is performed. This read in is based on the output from 
said trim-tab angle sensor 16R ( drawing 1 ). 
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[0131] Tab angle deflection count is performed at step S403. This count performs thetae =thetaR-thetaRO. 
[0132] Subsequently, it sets to step 404 and is thetae. A positive/negative judging is performed, thetae When it is 
forward, the output of the down signal ORD is performed in step S405. thetae When it is negative, the rise signal ORU 
is outputted in step S406. Said hydraulic-motor 8R drives and a trim-tab angle is controlled by this output at a down or 
rise side. 

[0133] And decision of being thetae =0 is performed in step S407, and control will be ended if set to 0. 
[0134] Thus, according to the NAV condition of a ship, trim tabs 6R and 6L can be controlled, and an efficient and 
highly precise posture system can be performed automatically. Moreover, the load of hydraulic motors 8L and 8R can 
be made into min, and endurance and dependability can be improved. * 
[0135] An example of the effectiveness by the above-mentioned example of this invention is shown in drawing 10 . 
[0136] Drawing 10 (a) The heel include-angle depressor effect in every rate of a ship in the condition of having 
received the flank wind at the time of rectilinear propagation is shown. 

[0137] In control according [ the continuous line in drawing ] to this invention example, in not controlling, a broken 
line shows the case where a two-dot chain line performs rolling control over the whole region, respectively. 
[0138] It turns out to disturbance, such as a flank wind, that this invention example has very effective heel include- 
angle depressor effect so that clearly from these. 

[0139] Moreover, since it is small, not in extent as which human being senses displeasure but in this field, the control 
effectiveness is known by that it is few, as the inclination in the field in front of non-controlled heel include-angle play 
NINGU was described above. 

[0140] Drawing 10 (b) The trim depressor effect by this invention is shown similarly. In control according [ the 
continuous line in drawing ] to this invention, in not controlling, a broken line shows the case where a two-dot chain 
line performs pitching control over the whole region, respectively. 

[0141] the bow according to the trim inhibitory control before play NINGU by this invention example so that clearly 
from these - it turns out well the relief prevention effectiveness is not only acquired, but that trim depressor effect 
continues after play NINGU which is trim control sheep regulatory region. 

[0142] Moreover, even if it performs trim inhibitory control in a low-speed area and the maximum high-speed region, 
effectiveness is well known by that it is small. 

[0143] As mentioned above, although the configuration of the above-mentioned example, control logic, an operation, 
and effectiveness were explained, this invention is not limited to the configuration and control logic of the above- 
mentioned example. 

[0144] For example, it is a correction term for raising control precision about each 2nd term and each 3rd term in the 
5th formula and the 6th formula, and it is also possible to omit one of these or both sides. 

[0145] Moreover, it sets in the tab angle deflection count sections 32 and 33, and is deflection include-angle thetae by 
the 7th formula. Although the rise down signal of a trim tab is outputted and driven in the output sections 34 and 35 
after asking, it is also possible to drive a trim tab with the tab angle desired value itself chosen in the desired value 
selection sections 30 and 31. 

[0146] In this case, the tab angle deflection count sections 32 and 33 and the trim-tab angle sensors 16R and 16L 
become omissible. 

[0147] Moreover, in this configuration, a comparison operation with the roll angle after control is performed, and it 
cannot be overemphasized that feedback of the deflection by study etc. is possible. 

[0148] It cannot be overemphasized that you may be the object which will not be limited to the object of a proper if 

said control is possible, and has two or more functions by one also about each sensor in an example. 

[0149] 

[Effect of the Invention] As mentioned above, according to invention of claim 1, control of a trim tab can be 
automatically controlled according to the roll include angle of a hull, a yaw include angle, and vessel speed, and highly 
precise attitude control can be automatically performed so that clearly. 

[0150] According to invention of claim 2, control of a trim tab can be automatically controlled according to a roll 
include angle, a yaw include angle, and vessel speed and the detected trim-tab include angle, and highly precise attitude 
control can be performed automatically. 

[0151] According to invention of claim 3, from a yaw include-angle signal and a speed signal, the NAV condition of a 
ship can be judged and the include angle of a trim tab can be controlled by this. Therefore, it can double with the NAV 
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condition of a ship and efficient and highly precise attitude control can be performed automatically. 
[0152] According to invention of claim 4, a NAV condition can be judged based on a yaw angular rate and a velocity 
level judging, and the control approach can be changed. And tab include-angle desired value can be chosen with the 
change signal of the control approach, and a driving signal can be outputted. Therefore, highly precise attitude control 
can be performed automatically. 

[0153] the heel include-angle control chosen according to NAV conditions in invention of claim 5, and revolution tense 
— a bow — the desired value determined in control whenever [ in a relief condition / angle-of-trim ] is outputted, and 
control according to NAV conditions can be performed accurately. 

[0154] In invention of claim 6, from a yaw include-angle signal and a speed signal, a NAV condition can be judged, the 
include angle of a trim tab can be controlled with a heel include-angle signal and a trim-tab include-angle signal, and 
more accurate control can be performed. 

[0155] When it is judged as the time of revolution according to invention of claim 7, a trim tab can be controlled to the 

desired value set up beforehand, and control at the time of revolution can be performed more accurately. 

[0156] according to invention of claim 8 - a bow - it is [ whenever / angle-6f-trim / in a relief condition ] accurately 

controllable. 

[0157] A roll include angle can be computed by the ability for an oscillating gyroscope to detect the angular velocity of 
the roll direction of a hull according to invention of claim 9, and integrate with angular velocity, and exact control can 
be performed. 

[0158] In invention of claim 10, an accelerometer detects the acceleration of the roll direction of a hull, and the tilt 
angle of a hull can be computed based on this acceleration, it can consider as a roll include angle, and exact control can 
be performed. 

[0159] In invention of claim 11, an inclinometer can detect the tilt angle of the roll direction of a hull, it can consider as 
a roll include angle, and exact control can be performed. 

[0160] In invention of claim 12, a magnetometric sensor detects the relative bearing of a hull, this is outputted as a yaw 
include angle, and exact control can be performed. 

[0161] It is possible to correspond, also when control of a trim tab can be changed to automatic and hand control at 
arbitration, and can be performed in invention of claim 13 and automatic control breaks down. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the automatic attitude control equipment of the vessel which controls 
the include angle of a trim tab automatically in order to stabilize the posture of vessels, such as a motorboat. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/16/2004 



Page 1 of 1 



* NOTICES * 
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3. In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] As automatic attitude control equipment of the conventional vessel, there are some which 
were shown, for example in JP,3-82697,A and JP,3-114996,A. 

[0003] The thing of JP,3-82697, A is a configuration which similarly controls a trim-tab include angle according to the 
output of a sensor and a roll angle sensor whenever [ torque-sensor / which detects the amount of operation /, and pitch 
angle / which detects the posture of a hull according to the output of the rate sensor which detects vessel speed ]. 
[0004] In JP,3-114996,A, it has composition which similarly controls a trim-tab include angle according to the output 
of a sensor and a roll angle sensor whenever [ pitch angle / which detects the posture of a hull ]. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to invention of claim 1, control of a trim tab can be 
automatically controlled according to the roll include angle of a hull, a yaw include angle, and vessel speed, and highly 
precise attitude control can be automatically performed so that clearly. 

[0150] According to invention of claim 2, control of a trim tab can be automatically controlled according to a roll 
include angle, a yaw include angle, and vessel speed and the detected trim-tab include angle, and highly precise attitude 
control can be performed automatically. 

[0151] According to invention of claim 3, from a yaw include-angle signal and a speed signal, the NAV condition of a 
ship can be judged and the include angle of a trim tab can be controlled by this. Therefore, it can double with the NAV 
condition of a ship and efficient and highly precise attitude control can be performed automatically. 
[0152] According to invention of claim 4, a NAV condition can be judged based on a yaw angular rate and a velocity 
level judging, and the control approach can be changed. And tab include-angle desired value can be chosen with the 
change signal of the control approach, and a driving signal can be outputted. Therefore, highly precise attitude control 
can be performed automatically. 

[0153] the heel include-angle control chosen according to NAV conditions in invention of claim 5, and revolution tense 
- a bow - the desired value determined in control whenever [ in a relief condition / angle-of-trim ] is outputted, and 
control according to NAV conditions can be performed accurately. 

[0154] In invention of claim 6, from a yaw include-angle signal and a speed signal, a NAV condition can be judged, the 
include angle of a trim tab can be controlled with a heel include-angle signal and a trim-tab include-angle signal, and 
more accurate control can be performed. 

[0155] When it is judged as the time of revolution according to invention of claim 7, a trim tab can be controlled to the 

desired value set up beforehand, and control at the time of revolution can be performed more accurately. 

[0156] according to invention of claim 8 - a bow - it is [ whenever / angle-of-trim / in a relief condition ] accurately 

controllable. 

[0157] A roll include angle can be computed by the ability for an oscillating gyroscope to detect the angular velocity of 
the roll direction of a hull according to invention of claim 9, and integrate with angular velocity, and exact control can 
be performed. 

[0158] In invention of claim 10, an accelerometer detects the acceleration of the roll direction of a hull, and the tilt 
angle of a hull can be computed based on this acceleration, it can consider as a roll include angle, and exact control can 
be performed. 

[0159] In invention of claim 11, an inclinometer can detect the tilt angle of the roll direction of a hull, it can consider as 
a roll include angle, and exact control can be performed. 

[0160] In invention of claim 12, a magnetometric sensor detects the relative bearing of a hull, this is outputted as a yaw 
include angle, and exact control can be performed. 

[0161] It is possible to correspond, also when control of a trim tab can be changed to automatic and hand control at 
arbitration, and can be performed in invention of claim 13 and automatic control breaks down. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the thing given in JP,3-82697,A did not detect the posture of a 
hull itself, but determined the include angle of a trim tab uniquely that a bow will not come floating according to vessel 
speed at the time of abbreviation rectilinear propagation, and since it had become the configuration which controls the 
include angle of a trim tab so that the heel (heel angle) of a hull might be made to ease according to amounts of control 
at the time of the reliance rudder operation by the time of revolution, a flank wind, etc., it had caused the following 
problems. 

[0006] ** A heel and rolling cannot be completely prevented at the time of abbreviation rectilinear propagation. 
[0007] ** Since it becomes the factor which loses the travelling-figure balance of a ship, it is not effective to control a 
trim-tab include angle regardless of the posture of the hull before revolution steering and under revolution steering at 
the time of revolution. 

[0008] Moreover, controlling a trim tab in the direction which reduces the inner inclination which is an effective 
posture for originally resisting a centrifugal force (lateral acceleration) at the time of revolution increases the lateral 
acceleration which crew feels, and it may give crew sense of incongruity. 

[0009] Although a thing given in JP,3-114996,A, on the other hand, also has the composition which detects whenever 
[ pitch-angle ], and the roll include angle showing the posture of a ship itself, is the configuration which controls a trim- 
tab include angle, gives and carries out the comparison operation of whenever [ target pitch-angle ], and the target roll 
include angle further, and controls a trim-tab include angle and control of a roll include angle and whenever [ pitch- 
angle ] was always performing regardless of the NAV condition of a ship, there were the following problems. 
[0010] ** Since yaw include-angle change or rudder angle change of a ship is not detected, revolution steering for 
course modification will not be able to be detected and it will be controlled in the direction which reduces an inner 
inclination too at the time of revolution. 

[0011] ** Since the agitation angle is always controlled, the load of the actuators (a motor, oil hydraulic cylinder, etc.) 
which drive a trim tab becomes high. 

[0012] Then, this invention aims at offer of the automatic attitude control equipment of the vessel which can double 
with the NAV condition of a ship and can perform efficient and highly precise attitude control. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem invention of claim 1 The roll 
angle sensor which outputs a roll include-angle signal according to the roll include angle of a hull, The yaw angle 
sensor which outputs a yaw include-angle signal according to the yaw include angle of a hull, The rate sensor which 
outputs a speed signal according to vessel speed, and the trim tab which controls the posture of a hull, the controller 
which outputs a signal according to the NAV conditions from said sensor, and the driving means which changes the 
include angle of a trim tab according to the output signal which connects with this controller and is sent from a 
controller — since - it is characterized by becoming. 

[0014] The roll angle sensor to which invention of claim 2 outputs a roll include-angle signal according to the roll 
include angle of a hull, The yaw angle sensor which outputs a yaw include-angle signal according to the yaw include 
angle of a hull, The rate sensor which outputs a speed signal according to vessel speed, and the trim-tab angle sensor 
which outputs an include-angle signal according to the drive include angle of a trim tab, It connects with the trim tab 
which controls the posture of a hull, the controller which outputs a signal according to the NAV conditions from said 
sensor, and this controller, and is characterized by consisting of a driving means which changes the include angle of a 
trim tab according to the output signal sent from a controller. 

[0015] The trim tab by which invention of claim 3 controls the posture of a hull, and the controller which outputs a 
signal according to NAV conditions, The driving means which changes the include angle of a trim tab according to the 
output signal which connects with this controller and is sent from a controller, The roll angle sensor which outputs a 
roll include-angle signal according to the roll include angle of a hull, The yaw include-angle signal sensor which 
outputs a yaw include-angle signal according to the yaw include angle of a hull, It consists of a rate sensor which 
outputs a speed signal according to vessel speed, and a trim-tab angle sensor which outputs an include-angle signal 
according to the drive include angle of a trim tab. Said controller is characterized by controlling the include angle of ) 
said trim tab by said roll include-angle signal and said trim-tab include-angle signal according to a NAV condition 
while it judges the NAV condition of a ship from said yaw include-angle signal and said speed signal. 
[0016] The trim tab by which invention of claim 4 controls the posture of a hull, and the controller which outputs a 
signal according to NAV conditions, The driving means which changes the include angle of a trim tab according to the 
output signal which connects with this controller and is sent from a controller, The roll angle sensor which outputs a 
roll include-angle signal according to the roll include angle of a hull, The yaw angle sensor which outputs a yaw 
include-angle signal according to the yaw include angle of a hull, It consists of a rate sensor which outputs a speed 
signal according to vessel speed, and a trim-tab angle sensor which outputs an include-angle signal according to the 
drive include angle of a trim tab. The rate-of-change count section which said controller considers said yaw include- 
angle signal as an input, and outputs a yaw angular rate signal, The velocity level judging section which considers a 
speed signal as an input and outputs a velocity level signal, The average processing section which has the control 
approach change section which considers said yaw angular rate signal and said velocity level signal as an input, judges 
a NAV condition, and outputs a control change signal, and equalizes said roll include-angle signal, and outputs a heel 
include-angle signal, The heel include-angle deflection count section which considers a heel include-angle signal and a 
heel include-angle desired value signal as an input, and outputs a heel include-angle deflection signal, The tab include- 
angle desired value count section which considers a heel include-angle deflection signal as an input, and calculates the 
desired value of a trim-tab include angle, The desired value selection section which has the tab include-angle desired 
value setting section which has set up the target trim-tab include angle beforehand, chooses tab include-angle desired 
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value with said control approach change signal further, and outputs tab include-angle desired value, It is characterized 
by having the output section which considers as an input the tab include-angle deflection signal and tab include-angle 
deflection signal which consider tab include-angle desired value and a trim-tab include-angle signal as an input, and 
calculate tab include-angle deflection, and outputs a driving signal. 

[0017] invention of claim 5 — claim 1, claim 2, claim 3, or the automatic attitude control equipment of a vessel 
according to claim 4 - it be - said controller — said each sensor signal - an input - carry out - NAV conditions — 
respond - heel include angle control and revolution tense - a bow - control be choose whenever [ in a relief 
condition / angle of trim ], and it be characterize by output the desired value determined in each control approach. 
[0018] Invention of claim 6 is automatic attitude control equipment of a vessel according to claim 5, and said heel 
include-angle control judges a NAV condition with said yaw include-angle signal and said speed signal, and is 
characterized by controlling the include angle of said trim tab by the heel include-angle signal and said trim-tab 
include-angle signal. 

[0019] It is characterized by invention of claim 7 controlling a trim tab to the desired value set up beforehand, when it 
is automatic attitude control equipment of a vessel according to claim 5, a NAV condition is judged from said yaw 
include-angle signal and said speed signal and it is judged as the time of revolution. 

[0020] invention of claim 8 - the automatic attitude control equipment of a vessel according to claim 5 — it is — said 
bow - it is characterized by for control judging a NAV condition from said speed signal, and controlling a trim tab to 
the desired value set up beforehand whenever [ in a relief condition / angle-of-trim ]. 

[0021] Invention of claim 9 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said roll include angle detects the angular velocity of the roll 
direction of a hull with an oscillating gyroscope, and is characterized by integrating with and computing said angular 
velocity. 

[0022] Invention of claim 10 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said roll include angle detects the acceleration of the roll 
direction of a hull with an accelerometer, and is characterized by computing the tilt angle of said hull based on said 
acceleration. 

[0023] Invention of claim 11 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said roll include angle is characterized by detecting the tilt 
angle of the roll direction of a hull with an inclinometer. 

[0024] Invention of claim 12 is claim 1, claim 2, claim 3, claim 4, claim 5, claim 6, claim 7, and automatic attitude 
control equipment of a vessel according to claim 8, and said yaw include angle detects the relative bearing of a hull 
with a magnetometric sensor, and is characterized by outputting this as a yaw include angle. 

[0025] Invention of claim 13 is automatic attitude control equipment of a vessel according to claim 5, has the device 
which controls said trim tab automatically, and the device driven with hand control, and is characterized by being 
switchable to arbitration in this automatic and hand control. 
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OPERATION 



[Function] According to invention of claim 1 of the above-mentioned means, based on the roll include angle of a hull, a 
yaw include angle, and vessel speed, a driving means can be controlled by the controller and the include angle of a trim 
tab can be changed. 

[0027] According to invention of claim 2, based on the roll include angle of a hull, a yaw include angle, and the include 
angle of vessel speed and a trim tab, a controller can control a driving means, and the include angle of a trim tab can be 
changed. 

[0028] According to invention of claim 3, from a yaw include-angle signal and a speed signal, the NAV condition of a 
ship can be judged and the include angle of a trim tab can be controlled by the roll include-angle signal and the trim-tab 
include-angle signal according to a NAV condition. 

[0029] The heel include-angle signal and heel include-angle desired value signal which according to invention of claim 
4 inputted the yaw angular rate and the velocity level, judged the NAV condition, and enabled the change of the control 
approach based on the judgment of this NAV condition, and equalized the roll include-angle signal A target trim-tab 
include angle is set up beforehand, tab include-angle desired value is further chosen with the control approach change 
signal, tab angle desired value is outputted, heel include-angle deflection can be calculated, and the desired value of a 
trim-tab include angle can be calculated by the ability considering this heel include-angle deflection signal as an input, 
and tab include-angle deflection can be calculated by the ability to input tab include-angle desired value and a trim-tab 
include-angle signal, and a driving signal can be outputted. 

[0030] according to invention of claim 5 - a NAV condition — responding - heel include-angle control and revolution 
tense — a bow - the trim-tab include-angle control in a relief condition can be chosen, and the desired value determined 
in each control approach can be outputted. 

[0031] According to invention of claim 6, from a yaw include-angle signal and a speed signal, a NAV condition can be 
judged, the include angle of a trim tab can be controlled by the heel include-angle signal and the trim-tab include-angle 
signal, and heel include-angle control can be performed. 

[0032] According to invention of claim 7, when a NAV condition is judged and it is judged as the time of revolution 
from a yaw include-angle signal and a speed signal, a trim tab can be set as the desired value set up beforehand. 
[0033] According to invention of claim 8, a NAV condition can be judged with a speed signal and a trim tab can be 
controlled to the desired value set up beforehand. 

[0034] According to invention of claim 9, a roll include angle can be computed by the ability for an oscillating 

gyroscope to detect the angular velocity of the roll direction of a hull, and integrate with angular velocity. 

[0035] According to invention of claim 10, an accelerometer can detect the acceleration of the roll direction of a hull, 

the tilt angle of a hull can be computed based on this acceleration, and it can ask for a roll include angle. 

[0036] According to invention of claim 11, an inclinometer can detect the tilt angle of the roll direction of a hull, and it 

can ask for a roll include angle. 

[0037] According to invention of claim 12, a magnetometric sensor can detect the relative bearing of a hull and this can 
be outputted as a yaw include angle. 

[0038] According to invention of claim 13, automatic and hand control can be changed to arbitration and a trim tab can 
be controlled. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained. 

[0040] Drawing 1 is the general drawing of a system configuration seen from the hull upper part. 
[0041] 1 is a hull, 2 is a handle and he is trying for the turning effort of a handle 2 to rock a screw 5 right and left 
through a wire 3. Said screw 5 which can give turning effort with an engine 4 is connected to an engine 4. He changes 
the direction of a thrust and is trying to make it circle in a hull by rocking a screw 5 right and left by rotation of a 
handle 2. 

[0042] The yaw angle sensor 1 1 which detects the deflection include angle to the longitudinal direction of a bow, the 
roll angle sensor 12 which detects the agitation angle of the longitudinal direction of a hull, and the rate sensor 15 
which detects the rate of a hull are connected to a controller 10. In addition, a roll include angle can detect the angular 
velocity of the roll direction to a hull with an oscillating gyroscope, and can integrate with and compute said angular 
velocity. Moreover, it can ask by an accelerometer's detecting the acceleration of the roll direction of a hull and 
computing the tilt angle of a hull based on this acceleration. Furthermore, it can ask for a roll include angle by detecting 
the tilt angle of the roll direction of a hull with an inclinometer. A yaw include angle can detect the relative bearing of a 
hull with a magnetometric sensor, and can output this as a yaw include angle. 

[0043] He is trying to input into a controller 10 the yaw include-angle signal omega detected by said yaw angle sensor 
11, the roll include-angle signal phi detected by the roll angle sensor 12, and the speed signal upsilon detected by the 
rate sensor 15, respectively. 

[0044] Moreover, the manually-operated switch (14R for right trim tabs, 14L for left trim tabs) for operating manually 
the transfer switch 13 and trim tabs 6R and 6L which switch whether the angle sensor (16R for right trim tabs, 16L for 
left trim tabs) which detects the include angle of trim tabs 6R and 6L, and trim tabs 6R and 6L are controlled 
automatically, or it operates manually is connected to a controller 10. 

[0045] Furthermore, the controller 10 is connected with the dc-battery 9 through an electric power switch 17. When an 
electric power switch 17 is OFF, it has composition which actuation of a controller 10 suspends. 
[0046] The controller 10 has connected the output to the driving means which changes the include angle of trim tabs 
6R and 6L according to the signal outputted from a controller 10. 

[0047] The driving means of the trim tabs 6R and 6L of this example is constituted as follows. An output signal is 
embraced from a controller 10, and hydraulic motors 8R and 8L are rotated normally and reversed. According to 
normal rotation of hydraulic motors 8R and 8L and reversal, Cylinders 7R and 7L perform flexible movement. Trim 
tabs 6R and 6L are made to move up and down by flexible movement of these cylinders 7R and 7L. 
[0048] Next, drawing 2 explains the internal configuration of a controller 10. 

[0049] A speed signal upsilon is first inputted into a controller 10 from said rate sensor 15, and this speed signal v is 
sent to the velocity level judging section 20. 

[0050] The constant value vl forjudging a NAV condition and v2 (vl and <v2) are beforehand set as the interior by 
this velocity level judging section 20. vl the bow of a ** idling condition and a ship — it is boundary value with a relief 
condition. v2 It is the boundary value of a ****** relief condition and a plane condition. This vl and v2 A value can be 
set as any value according to the NAV conditions of a ship, or the property of a hull. 

[0051] In addition, a property as generally shown in drawing 3 has the relation between vessel speed and an angle of 
trim. 

[0052] In said velocity level judging section 20, the velocity level of a ship is classified into the following three kinds 
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by the following judgment type. 
[0053] 

(1) v<vl (idling condition) 

(2) vl <=v<=v2 (bow relief condition) 

(3) v2 <vl (plane condition) - At the time of the conditions of the 1st formula (1) (1) signal is outputted to the control 
approach change section 22. 

[0054] At the time of the conditions of (2) (2) signals are outputted to the control approach change section 22. 
[0055] At the time of the conditions of (3) (3) signals are outputted to the control approach change section 22. 
[0056] Moreover, if the yaw include-angle signal upsilon is inputted into a controller 10 from said yaw angle sensor 11, 
this yaw include-angle signal omega will be sent to the rate-of-change count section 21. 

[0057] Yaw angular rate which is yaw include-angle change for every unit time amount according to the yaw include- 
angle signal omega inputted in this rate-of-change count section 21 d omega/dt It calculates. And calculated yaw 
angular rate d omega/dt The rate-of-change count section 21 carries out a comparison operation to constant value 
domegao/dt set up beforehand, and chooses an output signal. Domegao/dt is boundary value the NAV condition of a 
ship judges the time of current, rectilinear propagation, and revolution to be. this - The value of domegao/dt can be set 
as any value according to the NAV conditions of a ship, or the property of a hull. (**) d omega/dt < Domegao/dt (at the 
time of rectilinear propagation) 

(**) d omega/dt >= Domegao/dt (at the time of revolution) - 2nd formula (b) At the time of conditions (b) A signal is 
outputted to the control approach change section 22. 

[0058] (b) At the time of ****** ^ ^ signal is outputted to the control approach change section 22. 
[0059] Instruction signal when the velocity level signal from the aforementioned velocity level judging section 20 and 
the rate-of-change signal from the aforementioned rate-of-change count section 21 are inputted into the control 
approach change section 22, as shown in drawing 4 in the control approach change section 22 with the combination of 
the velocity level signal and rate-of-change signal which were inputted (i) - (iii) It determines and outputs to the desired 
value selection sections 30 and 31. 

[0060] Change instruction signal (i) - (iii) (i) Instruction signal changed into the condition of having raised the trim tab 
to the top 

(ii) Instruction signal which changes a trim tab into the condition of having lowered to the bottom 

(iii) Instruction signal which performs heel include-angle control 
It means. 

[0061] Namely, it is a change instruction signal (i) regardless of a judgment at the time of rectilinear propagation [ in / 
when the velocity level of the ship in the 1st formula is judged to be an idling condition / the 2nd formula ], and 
revolution. That is, a trim tab is controlled in the condition of having raised to the top. 

[0062] moreover, the velocity level in the 1st formula - a bow - when it judges with a relief condition (run state before 
plane shift), the change instruction signal (ii) 6R and 6L, i.e., trim tabs, is controlled in the condition of having lowered 
most, regardless of a judgment at the time of the rectilinear propagation in the 2nd formula, and revolution. 
[0063] This has the effective control which was mentioned above and which lowers a bow until it shifts to a plane 
condition like, and rolling control in this condition and heel include-angle control are because there is little 
effectiveness. 

[0064] furthermore, the case where it is judged with the time of rectilinear propagation by the 2nd formula when the 
velocity level in the 1st formula is judged to be a plane condition - change instruction signal (iii) namely, the case 
where heel include-angle control is judged to be the time of operation and revolution - change instruction signal (i) 
That is, it controls in the condition of having raised trim tabs 6R and 6L most. 

[0065] Thereby, at the time of rectilinear propagation, only a plane condition carries out heel include-angle control, and 
it controls not to check the heel which is the property which a ship originally has at the time of revolution. 
[0066] On the other hand, the roll include-angle signal phi is inputted into a controller 10 from the roll angle sensor 12, 
and this roll include-angle signal phi is sent to the average processing section 23. 

[0067] In this average processing section 23, from the inputted roll include-angle signal phi, the 3rd following formula 
is calculated and a moving average deviation is calculated. This moving average deviation is set to heel include-angle 
phia. 
[0068] 
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[Equation 1] 
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0 ak 01 ...|g35£ 
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{K- (k-n' + rT)} 

As for roll include-angle phiak in i time, phii shows the heel include angle in k time. 

[0069] phiak, i.e., phii, is n\ It is the average of the value which ****(ed). 

[0070] phi makes a dextroversion oblique position forward to a travelling direction. 

[0071] Heel include-angle phia calculated by the 3rd formula is made into an output signal, and it outputs to the heel- 
angle deflection count section 25. 

[0072] Target heel include-angle signal phio which shows the target heel include angle beforehand set to this heel- 
angle deflection count section 25 in the desired value decision section 24 in addition to this It has inputted. 
[0073] In this heel-angle deflection count section 25, the 4th following formula is calculated and it asks for heel 
include-angle deflection signal phie. 
[0074] 

phie=phia-phio - A hull makes the clockwise direction forward to a travelling direction here the 4th formula. 

[0075] This heel include-angle deflection signal phie is outputted to the tab include-angle desired value count sections 

26 and 27. 

[0076] In the tab include-angle desired value count section 26, after judging the positive/negative of phie based on 
inputted heel include-angle deflection signal phie, the PID operation of the 5th formula is performed and it asks for tab 
include-angle desired value thetar of a right trim tab. 
[0077] 
[Equation 2] 

d 1 f 



0 r = 0 



K p , T D . Tj ttS£i*T&5 0 

After judging the positive/negative of phie based on inputted heel include-angle deflection signal phie in the tab angle 
desired value count section 27, the following PID operation of the 6th formula is performed and it is tab angle desired 
value thetal of left trim-tab 6L. It asks. 
[0078] 
[Equation 3] 
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In addition, the 1st term Kpphie of the 6th formula gives the tab include angle proportional to heel include-angle 
deflection signal phie to the 5th formula list. That is, the tab include angle of the right or the left is enlarged, so that the 
absolute value of heel include-angle deflection signal phie is large. 

[0079] This 2nd term does not give the tab include angle proportional to the differential value of heel include-angle 
deflection signal phie, if this differential value is not large, it gives that much big tab include angle, and it is raising the 
responsibility which decreases the heel include angle of a hull. 

[0080] This 3rd term gives the tab include angle proportional to the integral value of heel include-angle deflection 
signal phie, and this has given the tab include angle which negates the heel (heel include angle) of the steady hull 
produced according to the property and external force of a hull. 

[0081] Right tab angle desired value thetar called for here is outputted to the desired value selection section 30. 

Moreover, left tab desired value thetal It is outputted to the desired value selection section 31. 

[0082] Explanation to the output signal decision of a right trim tab is given to below. The flow to the output-signal 

decision of a left trim tab is completely the same as a right trim tab, and explanation is omitted. 

[0083] Change instruction signal outputted to the target selection section 30 from the above mentioned control 

approach change section 22 (i) - (iii) The right tab angle desired value setting section 28 which set up the target tab 

angle beforehand although tab include-angle desired value thetar outputted from the right tab include-angle desired 

value count section 26 was inputted to the target set point theta 1, and theta 2 It has inputted. Target set point theta 1 It 

is the set point in the condition of having raised trim-tab 6R most. Target set point theta 2 It is the set point in the 

condition of having lowered trim-tab 6R most. 

[0084] At the desired value selection section 30, it is a change instruction signal (i). - (iii) It corresponds and is desired 
value thetar of a right tab include angle, theta 1, and theta 2. It chooses. The selection correspondence is as follows. 
[0085] 

change instruction signal Tab angle desired value (i) The time theta 1 Selection (ii) The time theta 2 Selection (iii) The 
time thetar selection - the right tab include-angle desired value chosen by this thetaR =thetal -, theta 2, or thetar ** - 
- it carries out. 

[0086] Right tab include-angle desired value thetaR chosen in the desired value selection section 30 It is outputted to 
the right tab angle deflection count section 32. 

[0087] Tab angle desired value thetaR inputted into the right tab angle deflection count section 32 Include-angle signal 
thetaRo detected by trim-tab angle sensor 16R is also inputted into others. 

[0088] The 7th following formula is calculated in the right tab angle deflection count section 32, and it is deflection 
include-angle thetae. It asks, thetae =thetaR-thetaRo - It is thetae to the 7th formula pan. Positive/negative distinction 
is performed and it is deviation-angle thetae. The signal which rises and brings down trim-tab 6R so that it may become 
zero is determined as follows. 
[0089] 
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thetae When it is forward Down signal (ORD) 

thetae When it is negative Rise signal (ORU) 

This rise down signal is outputted to the right output section 34. 

[0090] In the right output section 34, the change signal and the manual ringing from right manual switch 14R which 
rise down signal ORU or ORD determined in the right tab angle deflection count section 32 is considered as an input, 
and also consider an on-off signal as an output from a changeover switch 13 are inputted. 

[0091] That is, he is trying to change automatic and manual trim-tab control in the right output section 34 with the 
change signal inputted from a changeover switch 13. 

[0092] When a changeover switch 13 is ON, it considers as automatic, and it outputs to hydraulic-motor 8R by making 
into an output signal rise down signal ORD or ORU determined above. 

[0093] When a changeover switch 13 is OFF, it considers as hand control, and the rise down signal determined by 
actuation of right manual switch 14R is outputted to hydraulic-motor 8R as an output of the right output section 34. 
[0094] Although control of right trim-tab 6R was explained above, the same is said of the left trim-tab 6L. 
[0095] Here, there are little increase of water pressure which starts a ship's bottom since the draft of the stern is deep 
until it goes into a plane condition in a planing boat, and rolling. Actuation which lowers a bow when right and left take 
down a trim tab conventionally, since the shift to a plane becomes slow while a bow goes up by subduction of the stern 
on the other hand in the meantime and a front field of view gets worse is performed, and control of the example of this 
invention also applies to this. 

[0096] On the other hand, in a plane condition, a draft becomes shallow and agitation of a ship becomes active. When 
rolling is compared with pitching in this condition, the pitching period is usually longer and the direction of rolling is 
felt sensitively. Moreover, although the effectiveness of lowering the bow which went up too much on the structure, as 
for the attitude control using a trim tab is expectable, there is no effectiveness of raising the bow which fell too much. 
Therefore, the attitude control in a plane condition has more effective control of rolling. 

[0097] However, since a great quantity of loads will be given to a control actuator, always controlling all rolling does 
not tend to press down the agitation angle (rolling) of a hull itself, and it controls the average attitude angle (this is 
called heel angle) by the example of this invention. 

[0098] Moreover, about the invalid nature of the rolling control at the time of revolution, although it is as above- 
mentioned, it uses that the level of the yaw angular rate in each differs at the time of rectilinear propagation and 
revolution for detection of a revolution condition. That is, if level with a yaw angular rate is exceeded, it can be judged 
as revolution. 

[0099] Next, the control action of the above-mentioned controller 10 is explained based on the flow chart of drawing 9 
from drawing 5 . In addition, also in this explanation, it carries out about control of right trim-tab 6R, and control of left 
trim-tab 6L is omitted. 

[0100] First, overall control is performed like drawing 5 . That is, the change of the control approach is performed in 
step SI. The change of this control approach is said instruction signal (i). An instruction signal (ii) and instruction 
signal (iii) It is a change. 

[0101] Tab include-angle count is performed at step S2. Tab include-angle count is performed based on detection of 
said roll angle sensor 12 ( drawing 1 ). 

[0102] Desired value selection is performed at step S3. Desired value selection embraces a NAV condition and is tab 
include-angle thetar, theta 1, and theta 2. It chooses. 

[0103] In step S4, tab include-angle deflection count and an output are performed. Tab include-angle deflection count 
is selected desired value thetaR. It is calculated based on the trim-tab include angle detected by trim-tab angle sensor 
16R ( drawing 1 ). An output outputs the signal of a rise or a down to hydraulic-motor 8R so that deflection may be set 
to 0. 

[0104] Next, the detail of step SI - S4 is explained. 

[0105] The change of the control approach of said step SI is performed by the routine of drawing 6 . At step SI 01, 
reading of the rate v detected by the rate sensor 15 ( drawing 1 ) is performed first. 

[0106] The judgment of a velocity level is performed at step S102. It is (1), as this judgment was performed in the 
velocity level judging section 20 ( drawing 1 ) and being described above. v<vl (2) vl <=v<=v2 (3) It is carried out 
about v2 <v and is v<vl. A case is (1) at step S103. Selection of a signal is performed. 
[0107] vl <=v<=v2 A case is (2) at step S104. Selection of a signal is performed. 
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[0108] v2 In <v, set to step SI 05 and it is (3). Selection of a signal is performed. 

[0109] Subsequently, reading of the yaw include angle omega detected by the yaw angle sensor 11 ( drawin g 1 ) in step 
SI 06 is performed. 

[0110] A judgment of a NAV condition is made at step S107. This decision is performed in the rate-of-change count 
section 21 ( drawing 1 ), and as described above, it carries out about (b) d omega/dt<d omegaO / dt (b) d omega/dt>=d 
omega 0 / dt. 

[0111] In d omega/dt<d omega 0 / dt, selection of a (b) signal is performed in step S108. 

[0112] In d omega/dt>=d omega 0 / dt, selection of a (b) signal is performed at step S109. If these signal selections are 
performed, based on these signals, a judgment of a rate and a NAV condition will be made in step SI 10. This judgment 
is made like said drawing 4 in the control approach change section 22. 

[0113] Namely, (1) And (**) and (1) And (**) and (3) It reaches, in (**), it sets to step Sill, and is (i). Selection of a 
signal is performed. 

[0114] (2) And (**) and (2) And in (**), selection of the (ii) signal is performed in step SI 12. 
[0115] (3) And when it is (**), set to step SI 13 (iii). Selection of a signal is performed. 

[0116] These (i) A signal and (ii) signal (iii), The change of the control approach can be judged with a signal, therefore, 
the step SI 14 ~ setting ~ (i) or (ii) — or (iii) it was chosen — it changes and a signal is outputted. 
[0117] Next, tab include-angle count of step S2 of said drawing 5 is performed by the routine of drawing 7 . In step 
S201, reading of detection roll angle phi is performed first. This reading is based on detection of said roll angle sensor 
12 ( drawing 1 ). 

[0118] Subsequently, count of moving average deviation phia is performed in step S202. This average processing is 
performed in the average processing section 23 ( drawing 1 ). Moving average deviation phia is outputted as a heel 
include angle, as described above. 

[0119] It sets to step S203 and is decision target ground phio. Read in is performed. This decision target ground phio It 

is based on the value beforehand determined in said desired value decision section 24 ( drawing 1 ). 

[0120] Heel include-angle deflection count is performed at step S204. This heel include-angle deflection count is 

performed in the heel include-angle count section 25 ( drawing 1 ), and phie =phia-phio is performed. 

[0121] At step S205, it is tab include-angle desired value thetar. Count is performed. This count is performed in the 

right tab include-angle desired value count section 26 ( drawing 1 ), as described above. 

[0122] Next, it sets to step S206 and is tab include-angle thetar. An output is performed. This output is performed from 
the right tab include-angle desired value count section 26 to the desired value selection section 30. 
[0123] Desired value selection of step S3 of said drawing 5 is performed based on the routine of drawing 8 . This 
routine is performed by the desired value selection section 30 ( drawing 1 ). 

[0124] It is tab include-angle count desired value thetar at step S301 first. Read in is performed. This desired value 
thetar It is based on the output from said desired value count section 26 ( drawing 1 ). 

[0125] At step S302, it is the tab include-angle setting desired value theta 1 and theta 2. Read in is performed. This 
desired value theta 1 and theta 2 It is based on the output from the right tab include-angle desired value setting section 
28 ( drawing 1 ). 

[0126] It changes at step S303 and is a signal (i). (ii) (iii), Read in is performed. This read in is based on the output 
from said control approach change section 22. 

[0127] At step S304, it changes and decision of a signal is performed, (i) It sets to step S305 and a case is desired value 
theta 1. Selection is performed. In (ii), it sets to step S306 and is desired value theta 2. Selection is performed, (iii) It 
sets to step S307 and a case is desired value thetar. Selection is performed. The these-chosen desired value theta 1, 
theta 2, and thetar Either is desired value thetaR. It carries out and is outputted in step S308. This output is performed 
from said desired value selection section 30 to the right tab include-angle deflection count section 32. 
[0128] The tab include-angle deflection count output of step S4 of said drawing 5 is performed by the routine of 
drawing 9 . This routine is performed by said right tab include-angle deflection count section 32 and the right output 
section 34. 

[0129] The desired value theta 1 first chosen in step S401, theta 2, and thetar Read in is performed. This read in is 
based on the output from the desired value selection section 30 ( drawing 1 ). 

[0130] At step S402, read in of detected trim-tab angle thetaRO is performed. This read in is based on the output from 
said trim-tab angle sensor 16R ( drawing 1 ). 
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[0131] Tab angle deflection count is performed at step S403. This count performs thetae =thetaR-thetaRO. 
[0132] Subsequently, it sets to step 404 and is thetae. A positive/negative judging is performed, thetae When it is 
forward, the output of the down signal ORD is performed in step S405. thetae When it is negative, the rise signal ORU 
is outputted in step S406. Said hydraulic-motor 8R drives and a trim-tab angle is controlled by this output at a down or 
rise side. 

[0133] And decision of being thetae =0 is performed in step S407, and control will be ended if set to 0. 
[0134] Thus, according to the NAV condition of a ship, trim tabs 6R and 6L can be controlled, and an efficient and 
highly precise posture system can be performed automatically. Moreover, the load of hydraulic motors 8L and 8R can 
be made into min, and endurance and dependability can be improved. 

[0135] An example of the effectiveness by the above-mentioned example of this invention is shown in drawing 10 . 
[0136] Drawing 10 (a) The heel include-angle depressor effect in every rate of a ship in the condition of having 
received the flank wind at the time of rectilinear propagation is shown. 

[0137] In control according [ the continuous line in drawing ] to this invention example, in not controlling, a broken 
line shows the case where a two-dot chain line performs rolling control over the whole region, respectively. 
[0138] It turns out to disturbance, such as a flank wind, that this invention example has very effective heel include- 
angle depressor effect so that clearly from these. 

[0139] Moreover, since it is small, not in extent as which human being senses displeasure but in this field, the control 
effectiveness is known by that it is few, as the inclination in the field in front of non-controlled heel include-angle play 
NINGU was described above. 

[0140] Drawing 10 (b) The trim depressor effect by this invention is shown similarly. In control according [ the 
continuous line in drawing ] to this invention, in not controlling, a broken line shows the case where a two-dot chain 
line performs pitching control over the whole region, respectively. 

[0141] the bow according to the trim inhibitory control before play NINGU by this invention example so that clearly 
from these - it turns out well the relief prevention effectiveness is not only acquired, but that trim depressor effect 
continues after play NINGU which is trim control sheep regulatory region. 

[0142] Moreover, even if it performs trim inhibitory control in a low-speed area and the maximum high-speed region, 
effectiveness is well known by that it is small. 

[0143] As mentioned above, although the configuration of the above-mentioned example, control logic, an operation, 
and effectiveness were explained, this invention is not limited to the configuration and control logic of the above- 
mentioned example. 

[0144] For example, it is a correction term for raising control precision about each 2nd term and each 3rd term in the 
5th formula and the 6th formula, and it is also possible to omit one of these or both sides. 

[0145] Moreover, it sets in the tab angle deflection count sections 32 and 33, and is deflection include-angle thetae by 
the 7th formula. Although the rise down signal of a trim tab is outputted and driven in the output sections 34 and 35 
after asking, it is also possible to drive a trim tab with the tab angle desired value itself chosen in the desired value 
selection sections 30 and 31. 

[0146] In this case, the tab angle deflection count sections 32 and 33 and the trim-tab angle sensors 16R and 16L 
become omissible. 

[0147] Moreover, in this configuration, a comparison operation with the roll angle after control is performed, and it 
cannot be overemphasized that feedback of the deflection by study etc. is possible. 

[0148] It cannot be overemphasized that you may be the object which will not be limited to the object of a proper if 
said control is possible, and has two or more functions by one also about each sensor in an example. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the structure-of-a-system Fig. which looked at the hull which applied the example of this invention 
from the upper part. 

[Drawing 21 It is the block diagram of the controller concerning one example of this invention. 

[Drawing 31 It is the graph which shows the general relation between the vessel speed of a ship, and whenever [ angle- 

of-trim ]. 

[Drawing 41 It is the graph showing the control pattern concerning one example of this invention. 

[Drawing 51 It is an overall flow chart concerning one example of this invention. 

[Drawing 61 It is a flow chart concerning the change of the control approach. 

[Drawing 71 It is a flow chart concerning tab include-angle count. 

[Drawing 81 It is a flow chart concerning desired value selection. 

[Drawing 91 It is a flow chart concerning a tab include-angle deflection count output. 

[Drawing 101 It is the graph which takes effect. 

[Description of Notations] 

1 Hull 

2 Handle 

3 Wire 

4 Engine 

5 Screw 

6R, 6L Trim tab 

7R, 7L Cylinder (driving means) 

8R, 8L Hydraulic motor (driving means) 

10 Controller 

1 1 Yaw Angle Sensor 

12 Roll Angle Sensor 

13 Transfer Switch 

14R, 14L Trim-tab manually-operated switch 
15 Rate Sensor 

16R, 16L Trim-tab angle sensor 
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[Drawin g 5] 
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[Drawing 21 
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[Drawing 71 
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